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MATHEWS 
HYDRANTS... 


The finest community protection 
by design 


If you sat down and checked off the features that a well: ™™ 
designed hydrant ought to possess, you would find your- - 


self describing a Mathews Modernized Hydrant 


@ It has a replaceable barrel. This is an 
outstanding safety factor, because it 
means that a Mathews broken in a 
traffic smashup can be operable again 
within half an hour and no excavation 
is necessary. 


It is a dry-head hydrant. The stuffing 
box plate is cast integral with the noz- 
zle section with a screw-type stuffing 
box. This and the shield operating nut 
prevent abrasion, rust, corrosion or 
ice from interfering with the operating 
thread. It is always ready, no matter 
how severe the conditions. 


The main compression-type valve opens 

against water pressure. The higher 
the pressure, the tighter the valve—a 
positively leakproof construction. 


OTHER QUALITY FEATURES The 
operating thread cannot be bent. Head 
revolves 360°. Nozzle sections can 
easily be changed. Nozzle level can 
: be raised or lowered without excava- 
when specified tion. Bell, mechanical-joint or flange- 


R.D.WOOD 


COMPANY 


O-Ring seal available 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of Mathews Hydrants and "Sand-Spun” Pipe (centrifugally cast in sand molds) 
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GUIDED 
MISSILE 


Dead Center! 


4 


e. 
a Because an ample supply of water is vital to the government guided r 
¥ missile base at Cocoa, Florida, authorities installed 160,000 feet of 36” 
- and 64,000 feet of 24” LOCK JOINT PRE STRESSED CONCRETE 
CYLINDER PIPE. Every joint of each 16’ section in this line fits dead 
. 7 center because the volumetrically measured rubber gasket exactly filis 
ol the annular recess in Lock Joint’s self centering flexible Rubber and 


Steel Joint. 


How many pounds of rubber were required to seal this line? The answer 
can be computed from the figures in the illustration above. 


This is an interesting statistic, but more important is the fact that besides - 
the volumetric measurement, careful tests for strength and elasticity 
are made on each rubber gasket before it is used. These 
are only a few of the many quality control tests which 
mark every phase of the manufacture of Lock Joint 
Concrete Pressure Pipe. | 


LOCK JOINT PIPE CO. 


East Orange, New Jersey 


Sales Offices: Chicago, lll. + Columbia, S.C. + Denver, Col. + Detroit, Mich. » Hartford, Conn. + Kansas City, Mo. 
Pressure + Water + Sewer + REINFORCED CONCRETE PIPE + Culvert + Subaqueous 
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Low 
HEAD LOSS 


ERATING 


EASY TO INSTALL 


CONSUMPTION 
DATA? 


This direct reading, propeller-type meter 
provides accurate flow information. | 


ties range from 15 to 5,800 gpm. These 


*® Venturi design provides bet- 


Builders PROPELOFLO® Meter accurately ° “Open upper limit” allows 
temporary overloading up 
-- meters water (within +2% of actual to 150% without loss of = 
accuracy. 
flow over rated operating range) in 2 
to 20 inch diameter lines. Rated capaci- allows installation on suction — 
side of pump. 


- meters (with accessories) totalize, in- ter velocity distribution at the 
point where flow acts on 
dicate, and record . . . and can be used propeller. . 
for pacing dry feeders and proportion- * Builders PROPELOFLO is only = 7 
. one of a complete line of 
ing pumps, as well as for predeter- flow meters designed to pro- 


vide the type of data you 
need. Tell us your problem! 


mined batching. 


Request Bulletin 380-K4A for complete data. Write 


Builders-Providence, Inc., 365 Harris Ave., Providence 1, R. | 


©BUILDERS-PROVIDENCE 
B-I-F 
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AWWA ANNUAL CONFERENCE 


Atlantic City, N.J. 


Official reservation forms have been mailed to all members and are 


returnable to AWWA. 


May 12-17, 1957 


AWWA SECTIONS vn 
Spring Meetings 


24—-26—Nebraska Section, at 


Cornhusker Hotel, Lincoln. Secre- 
tary, John E. Olsson, 408 Sharp Bldg., 


Lincoln. 


Apr. 26—California Section, at 
Miramar Hotel, Santa Monica. Sec- 
retary, H. J. Ongerth, 2151 Berkeley 


Way, Berkeley. 


May 2-4—Pacific Northwest Sec- 
tion, at Winthrop Hotel, Tacoma, 
Wash. Secretary, Fred D. Jones, 
Asst. Supt., Water Dept., Rm. 306, 
City Hall, Spokane, Wash. 


Jun. 6—New Jersey Section Spring 
Outing & Luncheon, at Canoe Brook 
Country Club. Secretary, Albert F. 
Pleibel, Dist. Sales Manager, R. D. 
Wood Co., 683 Prospect St., Maple- 
wood. 


Jun. 12-14—Pennsylvania Section, 
at Bedford Springs Hotel, Bedford 
Springs. Secretary, L. S. Morgan, 
Div. Engr., State Dept. of Health, 
Greensburg. 


Jun. 17-19—Canadian Section, at 
Royal Alexandra Hotel, Winnipeg, 
Man. Secretary, A. E. Berry, Direc- 
tor, San. Eng. Div., Ontario Dept. of 
Health, 72 Grenville St., Toronto, 


Ont. 
Fall Meetings 


Sep. 46—Wisconsin Section, at 
Hotel Schroeder, Milwaukee. Secre- 
tary, Harry Breimeister, Chief Utility 
Engr., City Engineer’s Office, City 
Hall, Milwaukee 2. 


Sep. 11-13—New York Section, at 
Saranac Inn, Upper Saranac Lake. 
Secretary, Kimball Blanchard, New 
York Branch Mgr., Rensselaer Valve 
Co., c/o Ludlow Valve Co., 11 W. 
42nd St., New York. 


Sep. 18—20—Ohio Section, at Neth- 


erland Plaza Hotel, Cincinnati. Sec- 
retary, M. E. Druley, Dist. Mgr., Day- 
ton Power & Light Co., Wilmington. 


Sep. 23-25— Kentucky- Tennessee 
Section, at Brown Hotel, Louisville, 
Ky. Secretary, J. Wiley Finney Jr., 
Howard K. Bell, Cons. Engrs., 553 S. 
Limestone St., Lexington, Ky. 


(Continued on page 8) 
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the phe of the West dur 
o man’s of the great western we 
issiomof life-giving water from fits source to areas of growing need, 
f equal importsnce to the health and welfare of these growing 


‘an Pipe and Construction Co, has had a ngnificant part in these 
devements. Singe 1907, the company has been a leader in the desigr 
ind manufactupe of reinforced concrete pipe and has pioneered 

pmonts Which have helped to make reinforced concrete pipe the 

material for water supply. sewerage and drainage projects. 
4 bY an ever-growing ‘lemand for its products, American has expanded 
through the years nd has added many new products in diversified 
fields, A polizy of ivtegrity and fairness in dealing has won the 
confidence of hundreds of communities the company has served. 
On its 50th Anniversary, American Pipe and Construction Co. 

lates the poople in the West who have made a half century of progress 
Seo, ‘possible for American and its subsidiary companies, 


Mall address: 
Sox 3428 Termine! Annex, Los Angetes $4. 


Main office and piant 
5 Firestone Bivd., South Gate. Cati*, Phone tOrain 42 


District sates offices and piants 
ard end San Didgo, Calif, Portiand Ore., Phoenix 


District sales representatives 


nities has been the construction of sanitary sewers and storm drains. x 
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COMING MEETINGS 
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Coming Meectings 


Sep. 25-27—Michigan Section, at 
Leland Hotel, Detroit. Secretary, 
T. L. Vander Velde, Chief, Sec. of 
Water Supply, State Dept. of Health, 


Lansing 4. 


Sep. 25-27—North Central Section, 
at Gardner Hotel, Fargo, N.D. Sec- 
retary, L. N. Thompson, 216 Court 
House Bldg., St. Paul 2, Minn. 


Sep. 29-Oct. 1—Missouri Section, 
at Sheraton-Jefferson Hotel, St. Louis. 
Secretary, W. A. Kramer, State Office 
Bldg., Jefferson City. 


Oct. 13-16—Southwest Section, at 
Skirvin Hotel, Oklahoma City, Okla. 
Secretary, Leslie A. Jackson, Mgr.- 
Engr., Water Works, Robinson Me- 
morial Auditorium, Little Rock, Ark. 


Oct. 16-18—Iowa Section, at Fort 
Des Moines Hotel, Des Moines. Sec- 
retary, J. J. Hail, Supt., Water Dept., 
City Hall, Dubuque. 


Oct. 20-23— Alabama- Mississippi 
Section, at Buena Vista Hotel, Biloxi, 
Miss. Secretary, C. M. Mathews, 
Public Service Com., 119 W. Commer- 
cial St., Yazoo City, Miss. 


Oct. 23-24—West Virginia Section, 
at McClure Hotel, Wheeling. Secre- 
tary, H. W. Hetzer, Engr., West Vir- 
ginia Water Service Co., Box 1906, 
Charleston 27. 


Oct. 24-26—New Jersey Section, at 
Hotel Madison, Atlantic City. Secre- 
tary, A. F. Pleibel, Dist. Sales Man- 
ager, R. D. Wood Co., 683 Prospect 
St., Maplewood. 


Oct. 30-Nov. 1—Chesapeake Sec- 
tion, at Sheraton-Park Hotel, Wash- 
ington, D.C. Secretary, C. J. Lauter, 


(Continued from page 6) 


6955—33rd St., N.W., Washington, 
D.C. 


Oct. 30—Nov. 1—California Section, 
at Hotel St. Claire, San Jose. Secre- 
tary, Henry J. Ongerth, Sr. San. 
Engr., Bureau of San. Eng., 2151 
Berkeley Way, Berkeley. 


Nov. 6-8—Virginia Section, at 
Hotel Roanoke, Roanoke. Secretary, 
J. P. Kavanagh, Dist. Mgr., Wallace 
& Tiernan Inc., 213 Carlton Terrace 
Bldg., Roanoke. 


Nov. 11-13—North Carolina Sec- 
tion, at Hotel Sir Walter, Raleigh 
Secretary, \V. E. Long Jr., State 
Stream Sanitation Com., Raleigh. 


OTHER ORGANIZATIONS 


May 13—15—Industrial Waste Confer- 
ence, Purdue Memorial Union Bldg., 
Purdue Univ., Lafayette, Ind. 


May 20-22—Northeast Region Spring 
Conference (NACE) on _ Corrosion 
Control by Choice of Materials, Syra- 
cuse, N.Y. Write: O. R. Broberg, 
Lamson Corp., Syracuse, N.Y. 


Jun. 2-6—Municipal Finance Officers 
Assn., at Hotel Lowry, St. Paul, Minn. 


Jun. 16-21—American Society for Test- 
ing Materials, Atlantic City, N.] 


Aug. 5-9—Gordon Research Conference 
on Ion Exchange, at Kimball Union 
Academy, Meriden, N.H. Write: W. 
G. Parks, Director, Dept. of Chemistry, 
Univ. of Rhode Island, Kingston, R.I. 


Oct. 7-10—Federation of Sewage & In- 


dustrial Wastes Assns., at Statler 
Hotel, Boston, Mass. 
Nov. 2-8—World Metallurgical Con- 


gress, sponsored by American Society 
for Metals, at Chicago, III. 


Oa 
— 
: 
» 
. = 
| 
+” 
a 
j 
a 
gry 
- 
sper. 


Apr. 1957 JOURNAL AWWA > 


ITS 


WORTH. 


The very minute the back-fill is completed « 
your pipe trench, what do you have to show for 
the funds you’ve expended? Have you invest: 


; too dearly in installation costs . . . too little 
Y OUR p= the pipe that’s now in the ground? 


Forward-looking cities and towns, who inve 


funds in underground piping, choose Clow Ca 


PI PEE Iron Pipe. They know that Cast Iron Pipe leav 


them a higher net worth when the installatic 


is completed. They have an investment with 
‘ ia TH E proved record of many generations’ satisfactor 
tax-saving economy .. . a far better investme 


when the scrapers move on to the next job . 


GROUND? 


JAMES CLOW “SONS tne: 


201-299 North Talman Avenue, Chicago 80, Illinois 


Valve Company, Waterford, New York 
lowa Valve Company, Oskal ,lowa 
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Man's Progress 
Depends on Water 


This ancient cistern, built by the 
patriarch to conserve water for 


his household and cattle, was 


Phenomenon 
‘ Still In Use excavated through 105 feet of 


solid rock and is 72 feet in 
diameter. Through infiltration of 
autumn rains, Jacob’s Well still 
provides water superior to any 


other in the region. 


To Conserve Water Today 


... Depend on Calmet... 
It Measures Every al 


Manutocture id by 


WATER METERS ‘Wel Machinery & Supply Co., Inc. 


Fort Worth, Texos 


1 | \ 
i 
Biblical 
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CONCRETE FACT — This is a section of the Roman aqueduct between 
Eiffel and Cologne, built in 80 A.D., in use continuously until 1928. A 
natural cement occurring along the Rhine between Cologne and 
Coblenz was used by Roman army engineers in building the aqueduct 
(Photo, courtesy Smithsonian Institute, Washington, D. C.) 


1848 years of continuous, dependable service! 


The army engineers of Fabius Sabinus Titus, Emperor of Rome, 
knew their business when they put down the original aqueduct to 
serve the water needs of the conquered city of Cologne, Germany. 
Extending 56 miles underground, between Cologne and Eiffel, this 
rugged, cement-base conduit was built in 80 A. D. — served as the 
main artery for the Cologne water supply until 1928! 


Since the days of the chariot, men who know the problems of moving 
water for growing cities have relied on concrete. Lower in initial 
cost, dependable, economical Concrete Pressure Pipe is increasingly 
the choice of far-sighted community water planners. For long life, 
high carrying capacity and ease of installation, no other pipe can 
compare with it. 


SEE THE NEW FILM “LIFELINES 


Water Jor 


Generations to come 


OF 
TITUS 


built for the 
ages with . 


Concrete 

Pressure 

Pipe combines: 

1. The Strength of 
Steel 

2. The Durability 
of Concrete 

3. The Simplicity, 
Flexibility and 
Safety of 
Rubber Gasket 
Joints 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 


228 North LaSalle Street 
Chicago 1, Illinois 
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eqremont 
WATER 
TREATMENT 

e Municipal water treatment 


Industrial water conditioning 
e Purification of swimming ma water 


e Sewage and waste water treatment 


Water treatment Plant of the Cali river Output 20 million U.S. g; dy oA | 
n t t 
EMPRESAS MUNICIPALES Municipality of CALI_(lombio 


Thousands 
of references 


Agencies in 
every part 


_ the world 


Etablissements Emile DEGREMONT 
P.0.Box 46, SURESNES (Seine), FRANCE - Cables : AQUAZUR, SURESNES 
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When it’s B/M 
"Matched 
Metering”’ 


— you know 
it’s accurate! 


The high fidelity of Burgess- 
Manning Electric and Electronic 
Meters is made possible only by 
the Burgess-Manning _ null-bal- 
ance inductance bridge, servo- 
powered meter principle em- 
ployed. To this has been added 
the refinement of a calibrated 
cam, which matches the calibra- 
tion of the recorder-totalizer and 
the differential producer for per- 
fection thru ‘‘Matched Meter- 
ing”. Burgess-Manning electric 
transmission is suitable for dis- 
tances up to 5000 feet. You'll 
never regret having specified 
Burgess-Manning ‘Matched Me- 
tering” for greatest overall ac- 
curacy. 


Meters 
are also available 
in 
mechanical types. 


equest Catalog 
800 


BURGESS-MANNING COMPANY 


PENN INSTRUMENTS DIVISION 


4124 Haverford Ave., Philadelphia 4, Pennsylvania 


lastrumentation and Controls 


for water, steam, gases, sewage and industrial wastes 


: 
OW 7 
PENN 
\ 
A | 
: 
\ 
4 
4 
Burgess-Manning 
ra 


HOW TO SELECT 

WATER-CONDITIONING EQUIPMENT 


(NO. 2 OF A SERIES) 


Chemical Feeders 


Practically all water-treatment systems include addition of chemicals for 
_ One or More purposes: as coagulants to adsorb color, organic matter, oil and 
turbidity; to raise or lower pH; for lime softening; to inhibit corrosion; to 
_ kill bacteria; to adsorb tastes and odors. 


The method of feeding the chemicals depends on the kinds used and on the 
volume, accuracy and proportions required. In general, solution feeders are 
used for smaller dosages and chemicals which can’t be fed dry; dry feeders 
_ for large dosages. Here are some of the most-used types of feeders: 


type feeders 


These are used for slow-dissolving chemi- 
“cals in “ge or lump form (alums, sal 
~_ soda, etc.) or special briquets. The chemi- 
cal is el -d in the feeding pot where it is 
dissolved by by-pass water flowing from 
the high-pressure side of an orifice to the 


CHEMICAL 
SOLUTION 


type feeders and provide more accurate 
control. The chemical is dissolved in the 
open tank. When needed, the solution is 
charged into the bottom of the pressure 
tank, and the displaced water, being light- 
er, flows out the top to waste. A sight glass 
low-pressure side. Since this flow is pro- float shows the level of the chemical solu- 
portional to the main flow, the amount of tion in the pressure tank. When on the 
chemical fed is proportional. Variations in line, the feeder feeds from the bottom. 

amount and solubility of the chemical can, Note that solution feed is into a by-pass 
however, affect the feed rate. circuit instead of directly into the raw wa- 


luti feed ter line. This eliminates a long vertical run 
’ Pressure solution feeders of undiluted solution which, because of its 
Bre) These allow use of lower cost chemicals greater weight over the water in the circuit, 


(aluminum sulfate, soda ash, etc.) than pot could affect proportional feeding accuracy. 


= 


Gravity orifice feeders 


A solution of known concentration flows 
through an adjustable orifice under con- 
stant head to provide the desired rate. For 
intermittent feed, a solenoid valve on the 
orifice discharge line is operated simul- 
taneously with a raw water pump. Low in 
cost but limited to constant water flow 
rates and clear solutions that will not clog 
the orifice. 


Decanting type feeders 

This type is known as Permutit Electro- 
Chemical Feeder. A swing draw-off pipe is 
lowered at a speed that draws off solution 
at the desired rate. Feeds practically any 
type of solution or slurry used for water 
treatment. 


ECANTING TYPE FEEDER 


For proportional feeding, a water meter 
operates a timer that starts the feeder mo- 
tor which lowers the draw-off pipe for a 
pre-set period. The timer controlling the 
lowering rate is easily adjustable allowing 
wide flexibility and accurate control. 
Rugged construction. Available with mix- 
ing propeller and with cover and dust 
evacuator. 


Reciprocating pumps 


Pumps with adjustable length of stroke are 
widely used as feeders . . . generally oper- 
ated by a meter and timer. Since volumes 
fed per stroke are uniform, feeding is accu- 
rately controlled. 

A duplex or double pump feeds one so- 
lution to 2 or more points . . . or 2 or more 
solutions to the same or different points . .. 
in adjustable proportions. 


Dry chemical feeders 
A displacement type dry feeder eliminates 
batch weighing or measuring of dry chem- 
icals and delivers a constant flow of accu- 
rately measured amounts of dry chemical 
(by volume) to a mixing chamber through 
which water flows at a sufficient rate for 
good mixing and to prevent settling. 


DISPLACEMENT TYPE 
DRY CHEMICAL FEEDER 


The chemical is discharged from a vi- 
brated hopper onto a moving belt with 
lugs which “slice” off equal, exact volumes 
of the dry material. The belt speed is ad- 
justable to deliver from 0 to hundreds of 
Ibs. per hour by simple setting of a step- 
less speed changer. Adjustable while 
feeder is running, if required. 

The feeder can be designed for constant 
rate feed or, with a meter and timer, for 
proportional feeding. Feeds practically any 
type of non-deliquescent dry powder or 
granules. Can be equipped with counter te 
show cumulative amount of chemicals fed. 


For complete details on feeders or other 
types of water-conditioning equipment, 
write: The Permutit Company, Dept. 
JA-4, 330 West 42nd Street, New York 
36, N. Y. or Permutit Company of Canada, 
Ltd., Toronto 1, Ont. 


PERMUTIT 


rhymes with “compute it” 


Water Conditioning 
lon Exchange « Industrial Waste Treatment 
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Look how this 


<MARK> 


cylinder-operated gate valve 


W HERE frequent operation is required... especially in 

inaccessible locations . .. Darling cylinder-operated 
gate valves save time on each cycle of operation. The valve 
may be operated by air, oil or water. Movement is precise 
and completely controllable. Action can be either manual or 


automatic. Control can be either local or remote or both. 


Darling's double disc gate valve principle assures tighter 
closing and longer, service-free life. The fully revolving dises 
have a wiping action that keeps seat faces clean. The discs 
seat in a different position with each cycle so that wear is 


evenly distributed. Available in a broad range of sizes and 


materials. Write for complete details. 


DARLING VALVE & MANUFACTURING CO. 
W.iliamsport 23, Pa. 


Manufactured in Canada by Sandilands Valye Manufacturing Co., Lid., Galt 19, Ontario 
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ANOTHER GRAVER ANSWER TO A WATER STORAGE PROBLEM 


This 400,000 gallon elevated water tank for Plymouth, Indiana, is another example 
of Graver’s skilled craftsmanship in steels and alloys. Graver’s nationwide organ- 
ization and 100 years of experience in the design, fabrication and erection of all 


types of storage tanks can be of valuable assistance in solving your water storage 
problems, too! Write today for information. GRAVER TANK & MFG.CO.,.INC. 


New York e Philadelphia + Edge Moor, Del. « EAST CHICAGO, INDIANA Ps7.1957 


Pittsburgh Detroit + Chicago Tulsa Sand Springs, Okla 
Clue 1008 


Houston LosAngeles Fontana, Calif. San Francisco 
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“SHUCKS, WE 18 LAYIN’ PIPE, BOSS .. 
\) THIS YERE TYTON JOINT” 
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TYTON 


ONLY FOUR SIMPLE ACTIONS 


t once in, our revolutionary new 
yton Joint” pipe seals bottle-tight. Hydrostatic 
its on restrained “Tyton Joints” show that 


»y will withstand pressures well in excess 
hydrostatic test pressures required 
the pipe specifications. 


hd only one accessory needed...a simple 

bber gasket. This gasket fits into the 

ll end, and the connecting pipe compresses 

» gasket and seals the joint permanently. 
bell holes. No delays. “Tyton Joint” pipe 


n be laid in rain or a wet trench. 
d even the newest crew can handle it. 


Wipe a film of special lubricant ever inside of gasket 


e full information on “Tyton Joint” pipe | 
se installation is simple, speedy 
d sure? Call or write us today and get the oa a _ a 
ts that will save you time, trouble, ay ; = 
bney in the trench. 
S. PIPE AND FOUNDRY COMPANY 
neral Office: Birmingham 2, Alabama =f 


1OLLY INTEGRATED PRODUCER FROM MINES 
BLAST FURNACES TO FINISHED PIPE 


® 
SERVicE 
Force plain end to bettom of socket . . . the job's dene! 


gasket with groove over bead in gasket seat 
| 4 | 
| 
| 
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Newly installed Allis-Chalmers horizontal high-lift, 5215-gpm, 220-ft 
head pump, driven by 350-hp, 1170-rpm Alllis-Chaimers motor, replaces 
old Allis-Chalmers pump-motor combination. 


Waukegan Increases Capacity, — 


Modernizes Plant... 
Again Specifies Allis-Chalmers 


Although pumps, motors, control and switchgear, installed in 
1928, were still giving dependable, economical service, need for a 7 
increased capacity indicated replacement of some equipment 
at the Waukegan (IIll.) Water Works. 

The first step in modernizing the plant was to replace two of 
the original 16 pumping units, one vertical and one horizontal. _ 
This included new Allis-Chalmers pumps with increased capac- 

“ ity, new motors, and new control. 


This new Allis-Chalmers vertical pump, rated 
5215 at 55-ft head and driven by 100-hp, 
induction motor, pumps raw woter out 


loke into the filter beds. 


You get MORE than a Pump... } 


You can take advantage of Allis-Chalmers 
wide experience in supplying pumps to all 
industries. You are assured of modern de- 
sign, heavy-duty construction and correct 
application aid — all resulting in added 
years of dependable, economical, day-after- 
day pumping service. 


Allis-Chalmers is the only company that 
can offer you “One-Source” responsibility, 
with a complete unit — pump, motor and 
control — all built to work together. For 
MORE information, call your local A-C 
office, or write Allis-Chalmers, General 
Products Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 


PUMPS Solve a Water Works 
SA 
‘ 
r 
| v 


dollars 


maintenance 


saved in 


cost show the real 
worth of a water meter. 


That’s where 
WaTER METERS 


have always excelled. 


1 


You can’t buy 
a better Water Meter than Hersey. \ 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK — PORTLAND, ORE. — PHILADELPHIA — ATLANTA — DALLAS — CHICAGO 


OU SAN FRANCISCO — LOS ANGELES 
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‘ 
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DE LAVAL boost pressure at peak i 
ewo-staae in Port Washington, New York 


CENTRIFUGAL PUMPS 


This De Laval two-stage horizontal split-case pump is 
one of a pair used to boost pressure during peak hours a 
in the Port Washington, New York water works. Taking 
water from a large underground storage tank, these 


De Laval units maintain pressure throughout the system. Consulting 

The dependable centrifugal pumps are powered by Engineer: 
Caterpillar diesels with speed increasers; they deliver Angus D. Henderson 
1500 gpm at 400 feet tdh with 15 feet lift requiring Westbury, 

185 bhp. Long Island, N. Y. 


Laval 2IS-2KS pumps are designed with « back- 


0 e r Contr re 
- i i i ; D. Fortunato, Inc. 


labyrinth case rings ¢ ring-oiled ball bearings — plus Long Island, N. Y 
_ ten other important design features. They are available _ 
in sizes from 2 inch to 8 inch discharge, for capacities 
7 to 3000 gpm and heads to 750 feet. Write for Bulletin 
1501 giving complete data. 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY_ 
822 Nottingham Way, Trenton 2, New Jersey a 
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You get all-around pipe protection with Barrett Pipe- 
line Felt. This strong asbestos felt thoroughly im- 
pregnated with high-grade coal tar saturants is 

a tough, durable flexible wrapper that forms 

a perfect bond with Barrett Enamel. The 

result is lasting protection at minimum cost. 

This you are assured by the assistance of 

the Barrett Technical Service Group. Write 

for complete information. 

Experienced applicators of Barrett 


materials are available for field or 
special work throughout the country. 


PROTECTIVE COATINGS 


BARRETT DIVISION, Allied Chemical & 
Dye Corporation, 40 Rector St., N. Y. 6, 
N. Y. in Canada: The Barrett Company, Ld., 
5551 St. Hubert Street, Montreal, Que. 

OVER 100 YEARS OF EXPERIENCE 
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WITH “O” RING SEALy 


“O” Rings replace conventional packing and re- 
duce maintenance to a minimum. The lower “O” 
Ring is the pressure seal, the upper “O” Ring the 
dirt seal. The specially compounded rubber plas- 
tic “O” Rings do not deteriorate and insure a 


long life pressure seal. 


All Smith Valves can be equipped with “O” Ring 
Seal Plates. Write for details. 


UY THE A.P. SMITH 


EAST ORANGE. NEW JERSEY 


| 

81.48 
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A battery of Layne pumps installed 
for the city of Mobile, Alabama. 


The size of a Layne pump will vary with the job 
it’s required to do, but the workmanship in each 
is constant. 


Whether the need is for 30 or 30,000 gallons 
... You can count on Layne! 


Layne is concerned only with the unfailing and 
economical delivery of water in the required 
quantities and at the time specified . . . and 
you can count on Layne! 


WATER WELLS « VERTICAL TURBINE PUMPS » WATER TREATMENT 


LAYNE & BOWLER, INC. MEMPHIS 


General Offices and Factory © Memphis 8, Tennessee 


LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD + 


| 
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AWWA Standard AWWA Approved Short 
Bell Spigot Body and Mechanical 
Watermain Joint Watermain Fittings— 
Fittings—2 2 through 12 inch. 
through 36 

inch. 

Ring Tite 

Fittings 

3” thru 


Class 
100 and 
150 


TRINITY VALLEY IRON 
AND STEEL COMPANY 


Phone PE 8-1925 hes Fort Worth, Texas : P. 0. Box 664 


JOURNAL AWWA Vol. 49, No.4 
TRIN LLEY 
Water Works Fittings 
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For THE BEST in Meltou 


All AMERICAN 


te 


AMERICAN METERS 
Have Longer Life j 


Many American Meters in operation for 30, 35 years or more are still 
giving dependable accurate service. American Meters built today are 
so greatly improved that we know their period of service will be even 
longer. How much longer is difficult to estimate. It will depend en- 
tirely on the chemistry and the pH of the water to be measured and 
whether or not the metallurgy of the meter components has been tai- 
lored to meet the requirements. 

Give Buffalo Meter Engineers full data on your water conditions and 
meters will be specified that will give longer life when you “go all 
American.” 


BUFFALO METER CO. 


q 4. 


Vol. 49, No. 4 


ROCKWELL 
Butterfly 


Valves 


Built to AWWA Standard 
Specifications €504-55T 
Compact—tighter Weight 
Reduced Installation Space 
Lowest Installed Cost 


* 

Efficient Reliable Operation 
Drop-Tight Shutoff 

® 


a W. S. Rockwell Butterfly Valves 
Minimum Pressure Drop offer advanced design and rug- 
Non-Cloaain ged construction. Made in all 
gging standard sizes of cast iron, cast 
Better Control—Manual or steel, stainless steel, bronze or 
. other alloys; natural or synthetic 
Automatic gum rubber seat with clamping 
Less Maintenance segments, or spool type rub- 
ber liner extending over flange 
faces. Operators — manual: 
Write for Bulletin 574 AWWA nut, handwheel, chain 
on AWWA Valves wheel or other types; automa- 
tic: electric motor or cylinder. 


Minimum Restriction to Flow 


W. S. ROCKWELL COMPANY 


- Better Valves for Water Works Service i 
"AS 
= 


Ay 


CHEMICAL 
MIXING 


without a Mixing Tank 


The HOMOMIX gives instantaneous, violent, 
and uniform mixing of one or more chemicals, 
or gases, with water. Immediate, total diffusion— 
the most important factor for the efficient and 
economical addition of chemicals or gases—is 
obtained without the use of a mixing tank! For new 
plants it eliminates the necessity for costly mix- 
ing tank construction; for existing plants it can 
be effectively used to improve treatment. 


The HOMOMIX, in one or more stages, is 
installed in, and forms part of, the piping. 
Diffuser impellers rotate in blending chambers 
and discharge directly across the flowing- 
through stream. Each chamber has one or more } 
chemical inlet connections and a transparent _ 
plastic observation port through which the mix- 
ing action is visible. A lifting stage can be 
provided for additional head, if required. Write 


for Technical Supplement HM and Bulletin 300. 


2-stage 
Homomix 
ay 


Working Model TT 
on Display in M ¢ RIC 
Booth 502-504 
o A.W.W.A. Convention IN OUR 89TH YEAR 
: Atlantic City 112 North Broadway Water Purification Equipment 
May 12-17 AURORA, ILLINOIS RESEARCH - ENGINEERING - MANUFACTURING 
Offices: Chicago + New York + Cleveland + Cincinnati + Kansas City + Soles Representatives throughout the World 


Pumping, Sewage Treatment, and 
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Apr.1957 P&R 29 
4 
{ 
¢ 
; 
a 
- 
£ 
4 
: 
| 


1 


Installation of 18” Pratt High 
_ Pressure Rubber Seat Butterfly 
Valve in prestressed concrete 
water main, Mansfield, Ohio. 
Engineers: Shaffer, Parrett 
and Associates. 


MANSFIELD...Pratt Butterfly Valves 
meet all specs for distribution service 


The real test of a distribution valve is its 
ability to operate when needed. Valves in 
water distribution service are primarily 
emergency measures, normally left either 
open or closed for months, or even years. 
Yet, they must operate when needed, often 
to prevent serious property damage in the 
event of a broken water main. 


Mansfield engineers chose Pratt High 
Pressure Rubber Seat Butterfly Valves for 
this rigorous duty because Pratt valves meet 
all specifications for distribution service. The 
critical disc edge is a corrosion-resistant 
material, seating against a heavy, mechani- 
cally retained rubber liner to provide per- 
manent, drop-tight shutoff. The stainless steel 
valve shaft rotates in bronze bearings, self- 
lubricated for life, and the valve operator is 


HENRY 


permanently lubricated and sealed. These 
features are your assurance of easy opera- 
tion when you need it... features that are 
built into Pratt valves with the experience 
that comes with 30 years of leadership in 
butterfly valve design. Specifying Pratt 
valves puts this experience to work for you. 


See us at the 
A.W.W.A. Convention 
in BOOTH 604, 
Atlantic City, May 12 thru 17 


Vol. 49, No.4 


RUBBER SE 
2 ry. 
Butterfly Valves 
Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in Sagal diies 
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NSTALLED IN 1885. Tt 


OLD AGE SECURITY 
WITH STRONG STEEL PIPE 


al Dependable service through the years is yours when you choose need 


durable steel pipe for your water system. As evidence we could cite case 
after case where steel pipe lines have given 70, 80 or even 90 years 
of trouble-free use. And that is only the beginning of a long life story. 
With today's technological improvements in steel pipe you can now count 
on even longer years of more dependable service. 


In every way reliable service becomes an old, old story .. . when 

--you use stronger steel pipe. Tough resilient steel—made to last— 

assures you a safe and secure pipe that will best serve your 
needs today—and for 100 years to come. = 


Tak So if you want “old age security” in your water line, _m™ 
: — smart to specify STEEL pipe. 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST” 


STEEL PLATE FABRICATORS 
ASSOCIATION 


79 W. MONROE ST., CHICAGO 3, ILL. 


oF 
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The Houston Water Purification Plant was one of the first 
plants to use rubber-seated butterfly valves in filter 
service. Freese, Nichols and Turner, Consulting Engi- 
neers, chose R-S Rubber-Seated Butterfly Valves over 
conventional gate valves for all low-pressure service be- 
cause their compact design permitted close coupling of 
pipe. Result: a substantial saving in space, and a direct, 


= 


in-place cash saving of $124,000. 


that these valves are giving good 
service, and that he is fully satisfied 
with their performance and minimum 
maintenance requirements during 
their first years of operation. 


R-S Rubber-Seated Butterfly Valves 
are easy to operate, and will provide 


effective shut-off with a 125- 


CLYDE R. HARVILL, 
Superintendent, 
San Jacinto 


Water System, 
City of Houston 


° Utilities Dept. 
Houston, Texas, Reports: COMPLETELY SATISFIED 
WITH R-S BUTTERFLY VALVE OPERATION 
When the Houston Purification Plant pound pressure drop. Wedging action 
went into operation in 1954, 65 R-S _ of the vane against the tough, flexible 
e Rubber-Seated Butterfly Valves were rubber seat assures positive closure, 
_ used to equip the entire low pressure even around shaft bosses. The special 
= 7 system. Today, Mr. Harvill reports composition of rubber and other ma- 


terials gives long wear and resistance 
to the abrasive action of material 
flow. 


To obtain complete information on 
the full SMS line—Butterfly Valves, 
Rotovalves and Ball Valves—see our 
local representative, or write S. Mor- 
gan Smith Company, York, Penna. 


AFFILIATE: S. MORGAN SMITH, CANADA, LIMITED, TORONTO 


Rotovalives Ball Valves « 
Valves « Liquid Heaters « 


R-S Butterfly Valves ° 


Pumps « Hydraulic Turbines & Accessories 


Free-Discharge 
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High quality water service bronze, 85-5-5-S mix... 
A full line of types and sizes for every need... 
Plugs individually ground in for perfect fit... 
Every stop individually tested... 
Threads interchangeable with those of other 


manufacturers . . 
ng Backed by more than 80 years’ experience... 
Conform to all A.W.W.A. standards. 


The same quality is maintained in the complete HAYS line 
of Water Service Products. Send for literature. 


DUO-STOP 
CORPORATION STOP 
and 
SADDLE COMBINED 


MODEL “B” 
COPPER METER SETTERS TAPPING MACHINE 


Increasing sales of 
AYS quality products 
ables us to enlarge 

bles us to HAYS MANUFACTURING CO. 


us if you are interested ERIE, PA. 


in selling for HAYS. 


WATER WORKS PRODUCTS 


{ 
; 
| 
vy 
CORPORATION of, 
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with the MILLIPORE FILTER STANDARD METHOD 


NOW APPROVED as an alternate Standard Method 
for coliform testing, the MILLIPORE FILTER 
technique allows the determination of potable 


MILLIPORE FILTER in Disposable Plastic Petri Dish show- 
ing typical Coliform Bacteria Sheen Colonies, indicative 
of water contamination. MF® incubated for only 18 
hours at 35 C. 


water quality to be carried out rhore RAPIDLY, 
more ECONOMICALLY, and with much greater 
ACCURACY than ever before possible. Results 
are obtained up to 5 times faster—in 16 to 20 
hours—and with 2 to 5 times the precision of 
present broth tube methods. No tubes to wash, 
no breakage problems—the MF® technique saves 
valuable time, saves money, saves space. 


MILLIPORE FILTERS are conveniently packaged in 
resealable Kraft envelopes—10 filters and nutrient 
pads per envelope—ready for immediate autoclave 
sterilization. Grid-marked to facilitate colony 
counting, the MF® may be readily filed as a 
permanent record of test results. 


REGULATIONS SENSIBLY REQUIRE THAT PARALLEL 
TESTING OF THE MF® TECHNIQUE AND PRESENT 
METHODS be conducted in each laboratory to 
assure results of equivalent sanitary significance 
before adopting the new Standard Method. Full 
details on establishing MILLIPORE FILTER 
techniques in your laboratory are immediately 
available upon request. 


*Write for a copy of the new color-illustrated booklet, 
» MILLIPORE FILTER Standard Method of Water Bacteric 


WATER TESTING IN THE 


6. Sample poured and 
vacuum applied 


5. Funnel clamped. 


LABORATORY —IN EIGHT STEPS 


3 Approximately 2 mi of medium 4. Filter ploced on holder. 


added to pod 


8. Dishes covered and incuboted 
20 hours in inverted position 


y Filter “rolled” onto pad. Avoid 
trapping air between filter and pad 


MILLIPORE FILTER CORPORATION 


36 PLEASANT STREET, WATERTOWN 72, MASSACHUSETTS, U.S.A. 
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ALOXITE® Underdrains solve filter 
problems for growing Barranquilla 


Water consumption in Barranquilla, 


Colombia, jumped from 8.04 to 19.10 


_-MGD between 1935 and 1950. This 
created quite a problem for the city’s 


‘Empress Publicas Municipales. They 
tackled it by giving experts a free hand 
to investigate every method and ma- 
terial known in order to give Barran- 
quilla the best water supply system 


obtainable. 


Today Barranquilla boasts a brand 
new 12-MGD water filtration plant. 
And each of its three 4-MGD filter 
units is equipped with ALOXITE® alu- 
‘minum oxide porous plate underdrains. 
ALOXITE underdrains were chosen be- 
cause wale have proved they can handle 


CARBORUNDUM 


Registered Trade Mark 
Dept. 434, The Carborundum Company, Perth Amboy, WN. J. 


growing loads like those at Barran- 
quilla with freedom from mudballs and 
with minimum loss of head. Complete 
backwashing is accomplished without 
upset beds. 

All work on this outstanding sala 
tion was under the supervision of Dr. 
Samuel L. Hollopeter and Dr. Efraim 
Pereira, Director General and Chief 
Engineer, respectively, of the Empress 
Publicas Municipales. 


Answer your questions about porous 
media with Carborundum's 56 page 
booklet, “Porous Media.” It’s yours 
for the asking. Just write to: 
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_ Wat V-notch Chlorinator at Esso’s Bat e hlorine at tes up to 
500 Ibs./24 hr. over a 10 to 1 feed range. . Other V- aaah ‘aaiihe are available with maxi- 
g mum capacities from 500 to 2000 Ibs./24 hr. over a 20 to 1 feed range. 


NEW V-NOTCH CHLORINATORS, 


are rugged—easy to operate 
—moderately priced 


The W&T V-notch Chlorinator installed at the Esso Standard 
Oil Co. Refinery, Baton Rouge, La. is housed in a shed open to the 
sun, weather, and water spray drifting from a cooling tower. The 
average water or sewage treatment plant operator would consider 
this rugged service for any piece of equipment. 
W&T V-notch Chlorinators have proven in this and other in- 
- stallations that they can withstand rugged service. The design of 
new V-notch Chlorinators uses not only modern corrosion proof 
materials but a new concept of chlorine gas control, the W&T V-notch 
Variable Orifice. V-notch Chlorinators are easy to operate and main- 
_ tain. They provide the precise chlorine control that is expected from 
Wallace and Tiernan equipment. In addition, W&T V-notch Chlorina- 
tors are an attractive piece of equipment, colored soft green to fit 
into plant color schemes. 
Ask your local W&T representative for more information 
about W&T V-notch Chlorinators or send for Bulletin S-114. | 
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NTIL recently, few attempts were 

made to estimate the total quan- 
tity of water withdrawn for use in 
the United States. Some investigators 
made inventories or estimates of water 
used by a single industry. The US 
Public Health Service (1, 2), in co- 
operation with the sanitary engineer- 
ing divisions of the state health depart- 
ments, made inventories of public 
water supply facilities in 1945 and 1954 
which included data on the quantity of 
water used. The US Bureau of the 
Census (3) made a survey of water 
used by the manufacturing industries 
in 1953, as part of its annual survey 
of manufactures. Picton (4, 5) made 
estimates of water used in the United 
States from 1900 to 1950 and 1955, 
and forecast estimates of future use. 
Guyton (6) made an estimate of 
ground water used in the United States 
during 1945, and Langbein (7) made 
an estimate of the quantity of water 
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3 Estimated Use of Water in 


The report will be issued as 


used in the United States in 1946 for 
the generation of hydroelectric power. 
An inventory by Mangan and Graham 
(8) showed the quantity of water used 
in Pennsylvania in 1951. MacKichan 
(9) also made an estimate of the quan- 
tity of water used in each of the 48 
states during 1950 for five major uses 
—trural, public supplies, industry, irri- 
gation, and waterpower—to which the 
present inventory is similar in objec- 
tive and scope. 


The Present Investigation 


This report presents an estimate of 
the quantity of water withdrawn dur- 
ing 1955 from ground and_ surface 
sources. Some water was withdrawn 
from a source, used, and discharged 
into a stream or the ground, only to 
be withdrawn again. Sometimes a 
subsequent withdrawal was not made 
directly from a stream or the ground 
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but was made from the returning flow 
of a previous withdrawal—such as sew- 
age withdrawn for irrigation. Each 
time the water was withdrawn it was 
added to the accumulated total; there- 
fore, the same water was withdrawn 
several times and was counted each 
time that it was withdrawn. If the 
water was withdrawn and recirculated, 
however, so that it was used several 
times in the same plant before it was 
discharged into a stream or the ground, 
it was counted only once. Although the 
best information available was used, the 
estimates in this report are, in general, 
only approximations of the quantity 
of water used. The estimate for mu- 
nicipal use is probably the most accu- 
rate and that for industrial use the 
least accurate. Some quantities are 
given to three or more significant fig- 
ures because they are the sum of two 
or more quantities that are given to 
two significant figures. The quantities 
presented in this report are not in- 
tended to be applicable to more than 
two significant figures. 

Estimates of water used are given 
for the District of Columbia and each 
state in the continental United States 
and for the major drainage regions in 
the United States. The drainage re- 
gions which are shown in Fig. 1 are: 


1. North Atlantic—North Atlantic 
slope drainage, Maine to Connecticut 

2. Upper Hudson—Hudson River 
basin above and including Orange and 
Putnam counties, N.Y. 

3. lower Hudson and coastal area— 
Hudson River below and _ including 
Westchester and Rockland counties 
and long Island, and north atlantic 
slope drainage, Hudson River to Dela- 
ware River 

4. Delaware—Delaware River basin 

5. Chesapeake—North Atlantic slope 
drainage, Chesapeake Bay to York 
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6. Southeast—Atlantic slope and 
Gulf of Mexico drainage, James River 
to Pearl River. 

7. Tennessee—Cumberland—Tennes- 
see and Cumberland River basins 

8. Ohio—Ohio River basin exclusive 
of Tennessee and Cumberiand river 
basins 

9. Eastern Great Lakes—St. Law- 
rence—St. Lawrence River basin below 
the mouth of St. Clair River 

10. Western Great Lakes—St. Law- 
rence River basin above the mouth of 
St. Clair River 

11. Missouri-Hudson Bay—Mis- 
souri River basin and Hudson Bay 
basin 

12. Upper Mississippi—Mississippi 
River basin above the Ohio River and 
exclusive of the Missouri River basin 

13. Lower Mississippi—Mississippi 
River basin below the Ohio River and 
exclusive of the Arkansas—White—Red 
river basins 

14. Arkansas—White Red—Arkan- 
sas, White, and Red river basins 

15. Western Gulf—Gulf of Mexico 
drainage, west of the Mississippi Delta 

16. Colorado—Colorado River basin 

17. Great Basin—the Great Basin 

18. Pacific Northwest—Pacific slope 
drainage north of California 

19. South Pacific—Pacific slope 
drainage in California 


Areas of drainage regions are given in 
Table 12 (p. 388). 

District offices of the Water Re 
sources Division of the USGS supplied 
estimates of water used for public sup 
plies and for manufacturing and non 
manufacturing industries. The esti- 
mates were based on data in the geo- 
logical survey files and those furnished 
by state officials. The quantities of 
water used for electric utilities, for 
rural, domestic, and stock use, and irri- 
gation were computed using statistics 
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10, 11, 12), the US Federal Power 
Commission (13, 14), and the US De- 
partment of Agriculture (15). Infor- 
mation on the sources of water (ground 
water, surface water, or sewage) was 
furnished by the district offices of the 
Water Resources Division of the 
USGS. 


Terms Defined 


Uses of water may be classified in 
several different ways. 
withdrawal 


Among these 


are and nonwithdrawal 


Total Use in 1955 
1,740,000 mgd 


Fig. 2. Water Withdrawn for Public Supply, by States. 


uses, and consumptive and noncon- 
sumptive uses. 

Withdrawal uses require that the 
water be removed from the ground or 
diverted from a stream or lake. Irri- 
gation, domestic, stock, public, and in- 
dustrial uses are of this type. Genera- 
tion of waterpower is also considered 
a withdrawal use; even in run-of-river 
plants the water is diverted through 


me 
0 200 400 600 
Scale in Miles 


the turbines and, frequently, the gen- 
eration of waterpower has a very defi- 
nite effect on the streamflow. The 
quantity withdrawn is the entire quan- 
tity of water taken for use. This quan- 
tity is sometimes labeled ‘“‘pumpage,” 
“water intake,” “duty of water,” or 
“water requirements” (16). 

Nonwithdrawal uses do not require 
diversion. Navigation, recreation, 
waste disposal, and conservation of 
fish and wildlife are examples of non- 
withdrawal uses. 


Consumptive use is the quantity of 
water discharged to the atmosphere or 
incorporated in the products of the 
process in connection with vegetative 
growth, food processing, or incidental 
to an industrial process. 

Another term frequently used is sa 
line water which is defined as water 
containing more than 1,000 ppm of dis 
solved solids (1/7) regardless of the 
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composition of the solids and is not 
necessarily a salty (NaCl) water. 


Withdrawal Use 


Withdrawal uses can be evaluated 
quantitatively because they require re- 
moval of the water from the ground, 
stream, lake, or reservoir. An evalu- 


UNITED STATES 373 
withdrawal use in this report because 
it neither degrades nor consumes the 
water withdrawn. The primary with- 
drawal uses may be subdivided. Fuel— 
electric utilities and air conditioning 
are important secondary withdrawal 
uses and, therefore, have been evalu- 
ated in this report. 


TABLE 1 


Water Withd 


rawn for Public Supplies, by 


Regions 


— G Total U Used by 
Region Water Water With. Population Capita | Industry* 
med mad Served epd med 
North Atlantic 120 830 950 | 8,560,787 111 240 
Upper Hudson 26 170 196 | 1,147,080 171 | 40 
Lower Hudson & coastal area 280 1,440¢ 1,720 13,386,500 128 478 
Delaware 130 590t 720t 5,104,600 141 254 
Chesapeake .* 73 790 863 5,826,972 148 360 
Eastern Great Lakes & 
St. Lawrence ale 120 | 1,400) 1,520) 8,060,751 189 940 
Western Great Lakes 1,500 | 1,770 8,404,200 211 1,000 
Upper Mississippi & : 310 270 580 | 6,068,674 96 92 
Southeast — 500 840 1,340 | 11,230,127 119 320 
Tennessee-Cumberland 51 190 241 1,629,032 148 50 
Ohio - = 420 1,200 1,620 11,361,610 143 480 
Missouri-Hudson Bay 330 | 470 800 4,952,283 162 240 
Lower Mississippi 170 330 500 3,516,600 142 89 
Arkansas-White—Red 260 350 610 4,499,050 136 110 
Western Gulf 590 460 1,050 5,560,630 189 380 
Colorado 140 50§ 1908 1,082,960 175 24 
Great Basin | 120 100 220 744,900 295 22 
Pacific Northwest 240 580 820 3,237,700 253 320 
South Pacific 530 7402 1,2702 10,621,400 120 300 
United States 4,700 17,000 115,000,000 148 5,700 


12,000 


* The amount used by industry is included in the total and includes water used for air conditioning (Table 8). 


t Includes about 350 mgd diverted from Delaware River (/8). 
t Does not include 350 mgd diverted into the lower Hudson and coastal area (/8). 
§ Does not include about 230 mgd diverted into south Pacific region (19). 

Does not include about 280 mgd diverted into south Pacific region (19). 


# Includes about 510 mgd diverted from the Colorado and Great Basins regions (19). 


ation of the total quantity of water 
withdrawn can be made by adding to- 
gether the known amounts of with- 
drawals. The primary withdrawal 
uses are public supplies; rural, domes- 
tic, and stock; irrigation ; self-supplied 
industrial; and waterpower. Although 
generation of waterpower may be con- 
sidered a_ self-supplied industrial use 
of water, it is treated as a primary 


Public Supplies 


Public water supply systems served 
almost 115,000,000 people, an average 
of 148 gpd per person, or about 17,000 
mgd (Fig. 2). Water used for public 
supplies includes all water pumped 
into the system. This water may be 
used for fire protection, street flushing, 
irrigation of lawns and gardens, and for 
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rABLE 2 
Water Withdrawn for Rural Use, by Regions 
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North Atlantic 11 38 
Upper Hudson 2 27 : 
Lower Hudson & coastal area 1 
Delaware 6 
Chesapeake 20 1000 
Eastern Great Lakes & St. Lawrence 20 114 - 
Western Great Lakes 24 «164 4 
Upper Mississippi 80 200 
Southeast 65 240 
Tennessee—Cumberland 29 70 
Ohio 64 254 
Missouri-Hudson Bay 140 380 
Lower Mississippi 7 32 70 pat 
Arkansas—White—Red 79 
Wes 
estern Gulf 28 158 han} 
Colorado 10 @ 32 
Great Basin . 18 a 39 4 
Pacific Northwest 103 
United States 690 | 2,500 
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Fig. 3. Water Withdrawn for Rural Use, by States 
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industrial and commercial establish- 
ments as well as for domestic supply. 
Because the water is measured at the 
source, leakage is also included. Pub- 
lic water supply systems may be either 
publicly or privately owned. 

Of the 17,000 mgd withdrawn for 
public supplies, almost three-fourths 
was obtained from surface sources and 
slightly more than one-fourth was ob- 
tained from wells and springs (Table 
1 and Table 10, p. 386). About one- 


third of the water withdrawn was 
used by industrial and commercial 
establishments. 
Rural 


Approximately 2,500 mgd was used 
in rural homes and for stock watering 


TABLE 3 


Average Water Consumption of Livestock 
in the United States 


Livestock Consumption —gpced 
Horses and mules 10.0 
Beef cattle 10.0 
Milk cows 20.0 
Hogs 3.0 
Sheep 2.0. 
Goats 2.0 
Chickens 0.04 
Turkeys 0.06 


during 1955 (Fig. 3). Nearly three- 
fourths of the water was taken from 
wells or springs, and slightly more than 
one-fourth was taken from streams, 
ponds, and lakes (Tables 2 and 10). 
Rural homes are defined as those not 
served by public water supply systems. 

The rural population of the United 
States in 1955 was approximately 
47,000,000. About 20 per cent of these 
people live in homes having running 
water. Frank (20) states that people 
living in the average electrified farm or 
urban home in the United States use 
an average of 60 gpd or more for 
household and lawn watering. The 
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corresponding average for homes with 
out running water is only 10 gpd. 
Other investigators report that only 50 
gpd is used in homes having running 
water. Approximately 970 mgd was 
used for rural domestic purposes, most 
of which was from wells. 
Approximately 1,500 of the 2,500 
mgd was used for stock watering and 
approximately 60 per cent of the stock 
water was from wells and_ springs. 
The quantity of water used by live 
stock ranges widely, depending on 
kind and age of animal and the air 
temperature (2/). Several authorities 
(21-23) have given the water require- 
ments of livestock. The per capita 
rates used in this report were taken 
from several sources and are given in 


Table 3. 


Irrigation 


Water used for irrigation might be 
defined in at least four ways: [1] that 
which is transpired or evaporated from 
a cropped area; [2] that which is de- 
livered to the farms; [3] that which 
is withdrawn from the source; and 
[4] the gross overall supply required. 
Water delivered to the farms includes 
evaporation and seepage from the dis- 
tribution ditches as well as that trans- 
pired and evaporated from the cropped 
areas. Water withdrawn from the 
source is the water delivered plus con- 
The gross overall sup- 
ply is the water withdrawn plus evapo- 
ration and seepage from storage reser- 
voirs when such are part of the system. 

Most of the water lost in conveyance 
seeps into the ground and, therefore, 
is not lost as a resource as it can be 
recovered through wells. Some water 
lost in conveyance may be transpired 
by phreatophytes and cannot be re- 
covered. If the farm irrigation effi- 
ciency is high, most of the water de- 
livered to the farm is consumed in 


veyance losses. 
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TABLE 4—Water Withdrawn 
Delivered to Farms 
_ 7 Ground Water Surface Water Reclaimed 
1,000 1,000 1,000 

North Atlantic 2.0 1.8 20 18 
Upper Hudson 2.5 2.2 2.9 2.6 
Lower Hudson & coastal area 25 22 24 21 
Delaware 17 16 18 16 
Chesapeake = 2.5 2.6 28 25 
Eastern Great Lakes & 

St. Lawrence re 6.5 19 ‘7 
Western Great Lakes 8.1 7.3 49 43 
Upper Mississippi 15 12 19 17 | 
Southeast 310 280 340 300 
Tennessee—Cumberland 2.4 2.2 28 25 
Ohio : 7.7 7.0 18 16 
Missouri-Hudson Bay A 1,800 | 1,600 11,000 10,000 
Lower Mississippi ; : 650 580 400 350 
Arkansas-White—Red 3,300 3,000 1,300 1,200 
Western Gulf . 6,100 | 5,500 5,000 | 4,600 
Colorado 4,500 | 4,000 11,000 9,500 | 
Great Basin a 1,200 1,000 8,300 7,500 | 
Pacific Northwest 1,500 1,300 17,000 15,000 
South Pacific > or» 8,300 7,400 8,400 7,500 
United States 28,000 | 25,000 63,000 


growing crops. Therefore, the quan- 
tity of water delivered to the farm is 
an indication of the depletion of the 
resource, and the quantity of water 
withdrawn from the streams or wells 
(water delivered to farms plus convey- 
ance losses) is an indication of the de- 
pletion of the stream or aquifer in the 
vicinity. In this report, water with- 
drawn for irrigation is the amount 
taken from the source and has been 
divided into the amount delivered to 
the farms and the amount lost in 
conveyance. 

Approximately 123,000,000 acre-ft of 
water were used in 1955 to irrigate 
34,000,000 acres. Of this amount, 
91,000,000 acre-ft was delivered to 
farms and 32,000,000 acre-ft was lost 


in conveyance. Approximately 27 per 
cent of the water used came from wells 
and springs, 73 per cent came from sur- 
face sources, and less than 0.1 per cent 
was sewage (Tables 4, 5, and 10). 
Most of the irrigation was in the west- 
ern states (Fig. 4). 

Irrigation water is usually measured 
in acre-feet per year. In this report, 
however, it is given also in average 
million gallons per day so that the 
quantities can be compared with and 
added to quantities of water used for 
other purposes. Irrigation water is 
applied during only a part of each year, 
and at variable rates; therefore, the 
actual rate of application is much 
greater than the average daily rate 
given in Tables 4 and 10. 
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for Irrigation, by Region 
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Conveyance Losses 
Sewage Ground Water Surface Water Reclaimed Sewage 
1,000 1,000 1,000 
0 0 0 0 0 | 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 “i 
0 0 0 0 0 0 0 ; 
0 0 0 0 0 0 0 
0 0 0 0 0 | 0 0 
0 0 0 0.1 0.08 | 0 0 
0.04 4.7 4.2 15 12 0 6 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 : 
6.6 200 190 7,100 6,200 1.9 1.7 
0 74 65 130 120 0 0 
3.8 360 330 290 260 1.0 0.91 
31 1,200 1,100 1,400 1,200 8.0 7.1 
16 900 800 2,500 2,100 2.4 24 
0 280 250 2,900 2,500 0 0 
6.4 200 180 10,000 9,300 | 3.1 | 2.8 
19 2.300 | 2,000 2,700 2,400 5.8 | 5.2 
83 5,500 | 4,900 27,000 | 24,000 | 22 | 20 


Self-supplied Industrial 

Water has many industrial uses, in- 
cluding processing, cooling, conveyance 
of material, boiler feed, and sanitation. 
Some industries require water of very 
high quality while to other industries 
water quality is relatively unimportant. 
Most industrial water is self-supplied 
although a small amount is purchased 
from public supplies (Table 1). In- 
dustry used an average of 110,000 mgd 
during 1955. Ninety-one per cent of 
self-supplied industrial water was from 
surface sources. Underground sources 
supplied 9 per cent, and less than 0.1 
per cent was reclaimed sewage (Tables 
6 and 10). Most industrial water is 
used in the states east of the Mississippi 
River (Fig. 5). 


A large part of the industrial water 
is used for cooling and is returned to a 
stream or an aquifer unchanged except 
for an increase in temperature. Cool- 
ing water does not need to be of high 
quality ; some cooling equipment is de- 
signed for use of sea water or other 
saline water. 

The amount of water used by public 
utilities as a fuel for electrical power 
was almost twice the amount of self- 
supplied industrial water used by other 
industries (Table 6). About 94 per 
cent of the water used by public utilities 
for generation of electrical power was 
for condenser cooling (Table 7), and 
the remaining 6 per cent was for other 
uses, such as boiler feed, sanitary serv- 
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TABLE 5 
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Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
District of Columbia 
Florida 
Georgia 
Idaho 
Illinois 
Indiana 
lowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 

Utah 

Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 


United States 


Delivered to Farms 
1,000 acre-ft per Year 


Water Withdrawn for Irrigation, by States 


| 


Water | | Sewage 
15 0 
4,400 2,000 10 
880 98 0 
8,800 12,000 22 
980 5,000 3 
1.5 13 0 
0.43 | 1.4 0 
0 0 0 
280 | 270 | O 
20 0.05 
1,100 | 10,000 
3.6 | 5.4 0 
5.7 3.7 0 
3.8 1.3 0 
680 150 0 
4.4 5.0 0 
430 540 0 
0.21 0.75 0 
0.75 15 | 0 
0.20 | 46 | O 
6.0 | 47 0 
2.5 | 73 0 
440 300 0 
22 0 
110 5,500 | 3.6 
910 790 0 
200 1,500 | 7 
0.02 10 O 
25 17 0 
1,200 950 12 
25 28 
1.6 8.6 0 
1.6 80 0 
12 11 0 
170 61 0 
360 4,100 4 
1.8 16 0 
0.05 | 0.50 0 
13 20 0 
7.0 18 0 
4.1 27 0 
6,100 3,400 27 
280 3,300 0.20 
0 1.2 0 
0.48 7.6 0 
250 2,700 0 
0 0.92 0 
2.9 72 0 
26 9,900 3.9 


Conveyance Losses 
1,000 acre-ft per Year 
Water | ‘Warer Sewage 
0 0 0 
880 480 1.5 
2.6 0.39 0 
2,400 3,200 5.9 
200 1,000 0.60 
0 0 0 
0 0 0 
0 0 0 
2.6 11 0 
| o |. 
110 5,100 | O 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 390 0 
0 0 0 
0 0 0 
0 0 0 
0 
0 0 0 
74 48 | 
0 0 0 
54 5,300 3.6 
37 1,200 0 
33 | 410 0.70 
0 0 0 
0 0 | 0 
300 320 | 3.7 
0 0 | O 
0 0 0 
0 58 0 
0 oO | 0 
0 22 | 0 
190 3,000 0 
0 0 | 0 
0 | 0 0 
0 0 0 
0.70 6.3 0 
0 0 0 
1,200 690 5.3 
28 1,100 0.10 
0 0 | O 
0 0 0 
1.5 | 2,700 0 
0 0 0 
0 0 0 
5.3 2,000 0.80 
5,500 27,000 22 
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ices, cooling of machinery within the 
plant, and irrigation of lawns. Two 
per cent of the condenser cooling water 
was obtained from wells or springs and 
98 per cent from surface sources. Al- 
most all of the ground water was fresh, 
but approximately 17 per cent was 
saline. The only use made of saline 
water was in condensers. 

The quantity of water used per kilo- 
watt hour of electric power generated 
hy steam plants varies widely. Ac- 
cording to the Arkansas—White—Red 


Total Use in 1955 
1,740,000 med 


Water Withdrawn for Irrigation, Including Conveyance Losses, by States 


Fig. 4. 
Basins Interagency Committee (23), 
those basins plants that do not recircu- 
late water used from 40 to 280 gal 
per kilowatt hour and averaged 91 gal 
per kilowatt hour. The committee also 
reported that the plants that recirculate 
water used from 0.5 to 9.2 gal per kilo- 
watt hour and averaged 0.9 gal per 
kilowatt hour. Most of the water used 
in plants that recirculate water was 
evaporated, whereas most of the water 
without recirulation dis- 


used was 
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charged to a stream. Most plants in 
areas of abundant water supply do not 
recirculate water. In the Arkansas— 
White-Red River basins about two- 
thirds of the fuel for electrical power 
is generated in plants that recirculate 
the water (23). 

Almost half (490 mgd per year) of 
the water used for air conditioning is 
taken from public supplies, and most 
of the remainder from privately owned 
wells (Table 8). The 490 mgd is part 
of the 5,700 mgd taken from public 


Surface 
( Water 


x 


Ground Water 


Diameter 
of Circle 


3 


1,000 Acre -ft/ 
per Year 


Scale in Miles 


supplies and used by industry (Table 
1). The remaining 590 mgd is part of 
the 110,000 mgd _ self-supplied indus- 
trial water reported in Table 6. .\ir 
conditioning is highly seasonal, with 
most of the water being used in a 4-6 
month period. Therefore, during the 
air-conditioning season water is used 
at a much higher rate than that shown 
in Table 8, and during the remainder 
of the year little or no water is used. 
The increased draft on public supplies 


3 
j 
| | 
\ 
VY 
: 
Public _ N= j t i 
Supplies 4 
pplies GSN 
| 
| 
Waterpower 
Ge 
> 


KENNETH A. MACKICHAN © Jour. AWWA 


TABLE 6—Self-supplied Industrial Water 


for water used in air conditioning 
during hot weather is a very serious 
problem in some places. During a 
10-day hot period one September, the 
draft on the public supply system of 
Pasadena, Calif., reached a maximum 
daily rate of 430 gped (24). The aver- 
age use in Pasadena during the year 
1954-1955 was only 178 gped. 


W aterpower 


Approximately 1,600 million acre-ft 
of water was used during 1955 to gen- 
erate waterpower (Tables 9 and 10). 
The rate of use is variable and depends 
on the water available and the demand 
for power. The quantity of water, the 
average plant efficiency, and other fac- 
tors were estimated with the aid of two 
US Federal Power Commission publi- 


Fuel-Electric Power (Public Utility) 

Region Ground Water Surface Water Ground 
Fresh Saline Total Fresh Saline Total Fresh 
North Atlantic 1 0 1 870 | 1,900, 2,770 140 
Upper Hudson 2 0 2 410 0; 410 12 
Lower Hudson & coastal area 150 1 151 900 | 2,500) 3,400 240 
Delaware 16 0 16 2,140 | 480 2,620 250 
Chesapeake 41 0 41 1,074 760 | 1,834 200 
Eastern Great Lakes & 

St. Lawrence 250 0 250 6,110 0} 6,110 140 
Western Great Lakes 249 0 249 9,390 0} 9,390 210 
Upper Mississippi 440 0 440 5,960 0| 5,960 4600 
Southeast 174 0 174 6,160 1,040 7,200 | 1,000 
Tennessee—Cumberland 44 0 4 2,730 0} 2,730 120 
Ohio 580 0 580 | 14,470 0| 14,470} 820 
Missouri-Hudson Bay 360 0 360 2,422 0| 2,422 390 
Lower Mississippi 314 | 0 314 1,319 58 | 1,377 470 
Arkansas-White-Red 146 0 146 1,003 521 1,055 330 
Western Gulf 159 0 159 1,444 510 1,954 460 
Colorado 25 0 25 18 0 18 140 
Great Basin 40} 40 51 0 51] 100 
Pacific Northwest on 15 0 15 304 | 66 370 370 
South Pacific i 210 0 210 530 | 4,700 | 5,230 230 
United States 3,200 1 3,200 | 57,000 | 12,000 | 69,000 | 6,100 


cations (13, 14). Much of the water 
was used more than once. ¥ 
Summary of Withdrawals 

The estimated withdrawal of water 
in the United States amounted to about 
1,740,000 mgd during 1955. Of this 
amount, about 1,500,000 mgd was with- 
drawn for production of waterpower 
(Table 10). The 240,000 mgd remain- 
ing was withdrawn for public supplies, 
rural use, self-supplied industry, and 
irrigation, including conveyance losses 
(Fig. 6), which amounted to 1,500 
gped. Surface water sources supplied 
194,000 of the 240,000 mgd, and 
ground water sources supplied 46,000 
mgd. 

About equal quantities of water 
(110,000 mgd) were withdrawn for 
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self-supplied industry and irrigation. 
About 17,000 mgd was withdrawn for 
public supplies and the smallest quan- 
tity, 2,400 mgd, was withdrawn for 
rural domestic and stock use. The 
withdrawal of water was greatest in 
the eastern industrial areas and in 
western areas where irrigation is prac- 
ticed extensively (Fig. 1).  With- 
drawals in the midcontinental regions 
were the smallest. 


Nonwithdrawal Uses 


Nonwithdrawal uses do not lend 
themselves to evaluation in terms of 
the quantity of water used. These 
uses, however, do have a very large 
economic value and may have an ap- 
preciable effect on the quantity and 
quality of water available for other 
uses. The most important nonwith- 


@ 


Other Total 
Water Surface Water | 
| Reclaimed Ground Surface 
Saline Total Fresh | Saline | Total 
7 147 | 1,500 450 | 1,950 0 148 4,720 | 4,868 
0 12 580 | 0 580 0 14 990 1,004 
7 247 830 1,600 2,430 0 398 5,830 6,228 
ae 254 1,100 | 850 1,950 0 270 4,570 4,840 
as 203 870 | 740 | 1,610 68 244 3,444 3,756 

“se 145 2,500 | 0 2,500 0 395 8,610 | 9,005 
os 231 2,900 0 2,900 0 480 12,290 12,770 
ee 475 1,400 0 | 1,400 0.7 915 7,360 8,276 
18 1,018 1,300 130 1,430 0 1,192 8,630 9,822 
0 120 1,800 0 1,800 0 164 4,530 4,694 
1S 835 6,000 6 6,006 0 1,415 20,476 | 21,891 
6 396 1,000 | 3 1,003 0 756 3,425 4,181 
0 470 1,300 | 0 1,300 0 784 2,677 3,461 
. 45 375 400 2 402 0 521 1,457 1,978 
500 960 1,200 | 1,900 3,100 0.5 1,119 5,054 6,173 
0 140 96 0 96 0 165 114 279 
a 100 60 0 60 0 140 111 251 
0 370 760 33 93 0 385 1,163 1,548 
ns a 230 76 550 626 0.3 440 5,856 6,296 
650 6,700 | 26,000 | 6,200 | 32,000 70 9,800 | 100,000 | 110,000 


drawal uses are navigation, waste dis- 
posal, recreation, and conservation of 
fish and wildlife. 


Consumptive Use 


Only about one-fourth of all with- 
drawn water is consumed. Consump- 
tion, expressed as a percentage of 
withdrawals, depends on many factors, 
including climate, season, and the use 
of the water. Most of the water con- 
sumed is used for irrigation—a fact 
of added importance when considering 
that irrigation is practiced at times and 
places where the water supply is likely 
to be inadequate. Generally a higher 
percentage of the water withdrawn is 
consumed in areas having a dry cli- 
mate than in humid areas, and a higher 
percentage is consumed in the hot, dry 
part of the year. i 
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q Tota! Use in 1955 
1,740,000 mgd 


Fig. 5. Self-supplied Industrial Water, by States 


Jour. AWWA 
TABLE 7 
Water Withdrawn by Public Utilities in Generation of Fuel—Electric Power, 
in Million Gallons Per Day, by Regions 
- - 
: Condenser Cooling | Other Uses | All Uses 
Ground Water Surface Water 
Fresh | Fresh |_. : 
— — Ground | Surface] Ground | Surface 
Water | Water | Water | Water 
_ Fresh | Saline | Total | Fresh | Saline | Total | 
North Atlantic 0 1,900! 2,610 | 1 160 | 1 2,770 
Upper Hudson 0 0 0 390 7) 390 | 2 21 | 2 411 
Lower Hudson & coastal | | 
area 1 1 | 850} 2,500} 3,350; 150 50 151 3,400 
Delaware 0 0 0 | 2,000 480 | 2,480 16 140 | 16 2,620 
Chesapeake 3 0 3 | 1,000 760 | 1,760 38 74 41 1,834 
Eastern Great Lakes & | 
St. Lawrence 110 0 110 | 5,900 0 | 5,900 140 210 250 6,110 
Western Great Lakes 39 0 39 | 9,100 0| 9100!) 210 290 | 249 | 9396 
Upper Mississippi 230 0 230 5,800 0 5,800 210 160 | 440 5,960 
Southeast 14 0 14 | 5,900] 1,040| 6,940} 160 260 174 7,200 
_ Tennessee~Cumberland 0 0 0 | 2,600 0| 2,600 | 44 130 44 | 2,730 
Ohio 220 0 220 | 14,000 0 | 14,000 360 470 | 580 | 14,470 
Missouri—Hudson Bay 220 0 220 | 2,400 0} 2,400 140 22 360 2,422 
Lower Mississippi 240 0 240 | 1,300 58} 1,358 74 19 314 1,377 
Arkansas—White—Red 66 0 66 990 52 1,042 80 13 146 1,055 
Western Gulf 19 0 19 | 1,400 510 | 1.910 140 44 159 | 1,954 
Colorado 10 0 10 18 i) 18 15 1) 25 18 
Great Basin 27 0 27 50 0 50 | 13 1 40 51 
Pacific Northwest 0 0 0 290 66 | 356 15 14 15 370 
South Pacific 100 0 100 420! 4,700 5,120 110 110 210 5,230 
United States | 1,300 1 1,300 | 55,000 | 12,000 67,000 1,900 | 2,200 3,200 | 69,000 
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Public Supplies 
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Not much of the water withdrawn 
by public supplies is consumed ; Jordan 
(25) estimated that not more than 10 
per cent of it fails to reach watercourses 
below the cities. A larger percentage 
of the water is probably consumed 
during the summer when lawns are 


12 


Rural 


The principal rural uses are for 
stock watering and in homes. Water 


withdrawn for domestic use probably 
is consumed at about the same rate as 
water from public supplies—about 10 
Nearly 


stock 


per cent of the withdrawals. 
all the water withdrawn for 
watering is consumed. 
Irrigation 
Irrigation is considered a consump- 
tive use, although a large part of the 
water may reach a stream or the water 
table as return flow. Generally not 
more than 60 per cent of the water de- 
livered at the farm headgate is con- 
sumed by the crops (26). When a 
sprinkler irrigation system is used, a 
much greater percentage of the water 
applied transpires or evaporates. 


Self-supplied Industrial 


The amount of self-supplied indus- 
trial water consumed is small, although 
the percentage of the amount with- 
drawn varies widely among industrial 
plants. For example, Mussey (27) 
reported that in the manufacture of 
paper about 690 gal of water per ton 
of paper evaporated, which amounts to 
less than 2 per cent of the plant intake. 
On the other hand, Conklin (28) re- 
ported that almost all process water 
used in the production of carbon black 
was consumed, although the amount 
used was small. Only about 2 per cent 
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of all self-supplied industrial water is 
consumed. 


With- 


Consumption of Water Not 
drawn 


In addition to the consumption of 
part of the water withdrawn, large 
quantities of water stored for with- 
drawal and nonwithdrawal uses are 
consumed. Storage in farm ponds and 
reservoirs increases the water surface 
area and consequently the evaporation. 
If the pond or reservoir was purposely 
created or enlarged, the increased 
evaporation can logically be charged to 
consumption rather than natural loss. 
Consumption of water not withdrawn 
has not been determined, but it must 
be large. 

The surface area of reservoirs gives 
an indication of the quantity of water 
evaporated. In 1954, there were 1,300 
reservoirs and lakes in the United 
States having a capacity greater than 
5,000 acre-ft used in storing water for 
navigation, irrigation, power, water 
supply, flood control, and other func- 
tions (29). These lakes and reser- 
voirs had a total surface area of more 
than 11,000,000 acres. The evapora- 
tion from an area of this size would 
amount to more than the quantity of 
water withdrawn for public supplies. 
In addition to the larger reservoirs al- 
ready reported the US Fish and Wild- 
life Service (30) estimates there are 
more than 1,500,000 farm ponds with 
an average area of | acre each. The 
aggregate annual evaporation from 
these ponds exceeds that withdrawn 
for rural use exclusive of irrigation. 


Withdrawal Changes Since 1950 


This survey is comparable to the 
1950 one. Added to this one, however, 
are figures on irrigation conveyance 
losses, and perhaps greater accuracy 
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in all figures given. Since 1950, the 
greatest increases in water withdrawals 
(43 per cent) have been for self- 
supplied industries (Table 11). Rural 
use declined between 1950 and 1955 be- 
cause of the decrease in the number of 
people living in areas classed as rural. 

Although the increase in surface 
water used, exclusive of that for water- 
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depleted by the amount withdrawn. 
For this reason the quantity of with- 
drawn water is not directly comparable 
with the supply and, in fact, may ex- 
ceed the total supply if it is used re- 
peatedly. On the other hand, water 
that is consumed by use is no longer 
available; consequently, consumptive 
use can be compared with supply. 


rABLE 8 
Water Withdrawn for Air Conditioning, by Regions 


power, was 26,000 mgd and that of 
ground water was 11,000 mgd, the 
greatest increase was in water from 
ground sources (37 per cent as com- 
pared to 18 per cent in surface water). 


Supply 
Much of the withdrawn water is 
not consumed so that the supply is not 


Water Water 
med med 
North Atlantic 0 0 0 0 
Upper Hudson 2 4 3 a 
Lower Hudson & coastal area 55 37 53 145 
Delaware 21 13 20 54 
Chesapeake > 7 4 28 39 
Eastern Great Lakes & 7 
St. Lawrence Y 18 2 7 27 
Western Great Lakes 14 45 21 80 
Upper Mississippi 8 0 43 a 
Southeast 110 14 42 166 
Tennessee-~Cumberland 10 9 11 30 
Ohio 22 7 32 61 
Missouri-Hudson Bay il 6 22 39 
Lower Mississippi 44 15 27 86 
Arkansas—White—-Red 20 51 79 
Western Gulf 20 1 45 66 
Colorado _ 12 2 6 20 
Great Basin 4 0 
Pacific Northwest _ 4 0 3 
South Pacific lege s 36 0 70 106 
. United States 420 170 490 1,100 
74 * See Table 6. 
+ Water from public supplies used for air conditioning is part of the 5,700 mgd used by industry (Table 1). 


The long-term average runoff of a 
river basin, with few exceptions, is the 
upper limit of possible development of 
the combined surface and ground water 
resources of any basin. The exceptions 
are in the narrow fringes along the 
coasts where some water that perco- 
lates underground directly into the 
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140,000 = 
120,000}— Conveyance (Self- AYA 
7 Losses) supplied) Z Z Z 
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Waterpower 


TABLE 9 Runoff is the total flow of a stream and 
Water Withdrawn for Production of Water- includes the outflow from ground water 


power, by Regions storage through springs and seeps as 
well as the overland flow that follows 

Region | med | pre! hard rains. 
th Atlantic | 200,000 The runoff of all streams in the 
| $9,000 United States averages 1,164,000 mgd, 
| is not uniformly distributed 
| 82.000 throughout the nation (Table 12). 
nnessee~Cumberland 210,000 | 230,000 The average annual runoff ranges from 
stern Great Lakes & a a less than } in. in several places in the 
Great Lakes (89.000 | 129.000 to 80 
Hudson, Bay 46,000 51,000 places a ongt _in addi- 
iansen-Wiike~Red 11,000 13,000 tion to this great areal variation in 
average annual runoff, runoff varies 
eat Basin, a | we widely from day to day and year to 
uth Pacific 32/000 36,000 year in any one locality. Therefore, a 
nited States 1,500,000 | 1,600,000 substantial part of the runoff cannot be 


————____—_—_—_—__—_—. ——— used economically because it occurs as 
‘ean could be used without affecting flood flow which are usually in such 
runoff, provided such use does not large volumes that storage is not feasi- 
use contamination by sea water. ble. The amount that can be used, 
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-Withdrawal of Water 


Public Supplies Rural Use Irrigation 
| 

| | Totes | Ground | Surface | | Ground | Surface | Sewage 
Ala. 67| 130| 197) 28| 18 | 46 2.4 | 14 | 0 
Ariz 110 21; 131 10 4 14 | 4,700 2,200 10 
Ark. 28 39 67 24 14 38 790 88 | 0 
Calif 540 | 750| 1,290| 22 111 |10,000 | 13,000 25 
Colo 28 | 200| 39 7 46 | 1,000 5300 3.2 
Conn 10 240 250 8 3 | 11 1.3 12 | O 
Del. 11 33 44 3 1 4 0.36 1.2 0 
D.C. 0 160) 160 0 0 | 0 0 | 0 0 
Fla. 240 79} 319 27 11 38 250 | 260 0 
Ga. 85 200! 285) 23) 13 36 12 | 18 0.04 
Idaho 56| 30 86 15) 10 25 | 1,100 | 14,000 0 
160 | 1,200] 1,360| 95 22 117 3.2 48 | 0 
Ind. 200; 340 79| 84 5.1 3.3 | O 
lowa 100 41} 141 79| 57 136 3.4 1.2 0 
Kan 130 75 205 46 24 | 70 610 130 0 
Ky. 45 180} 225 29| 28 | 57 3.9 4.5 0 
La. 83 160| 243 22| 17 39 | 380 830 0 
Me. 6 66 72 5 3 8 0.19 | 0.67! 0 
Md. 17 260| 277| 36 3 | 39 0.68) 13 0 
Mass 82} 420) 502 7 2 9 0.18 41 0 
Mich 180 | 820 73 | 8 | 81 5.3 43 0 
Minn 50 94 144 72 21 | 93 2.2 6.7 0 
Miss 95 27| 122 24| 28 52} 460 310 0 
Mo. 4 300; 341 56 | 36 92 20 24 0 
Mont 21 73 94 13 | 23 36 | 150 9,600 6.4 
Neb. 120 100! 220! 13 73| 850 1,700 0 
Nev. 29 36 65 3 5 8 | 210 1,700 6.8 
N.H. 9 36, 45 3 1 4 0.02 0.92) 0 
160 | 420! 580 2 10 22 is | 
N.M. 85 s 93 16 4 20 | 1,400 1,100 14 
N.Y. 240 | 1,700! 1,960; 110| 10 | 120 22 25 0 
N.C. 28 150| 178) 52 5 | 57 14 7.6 0 
N.D. 10 16 26| 14] 21 35 1.4 120 0 
Ohio 250| 850] 1,100! 77| 28 | 105 1.1 10 0 
Okla. 45 140 185 15 35 50 150 75 0 
Ore. 36 160| 196 18| 13 | 31 490 6,300 3.6 
Pa. 120} 1,300) 1,420! 17 77 1.6 14 0 
RI. 10 66 76 | 1 0. 1 0.04 0.44) 0 
S.C. 27 120) 147 30 4 34 12 18 0 
S.D. 46 16 62 34| 16 50 68 | 21 0 
Tenn 100 150| 250! 26| 25 51 3.6 24 0 
Tex. 550 500; 1,050 140 27 167 | 6,500 3,700 29 
Utah 110 64, «174 s| 10 18 | 270 3.900 0.27 
Vt. 11 | 23) 34 8 4 12 0 1.1 0 
Va. 210) 33) 12 45 0.43 6.7 0 
Wash 150| 510; 28! 20 48 | 230 | 4,800 0 
W.Va 18 65 83 17| 9 26 o | 0.82! 0 
Wis. 140| 330, 20) 104 2.6 64) 0 
Wyo. 25 12 37 9!) 10 19 28 | 11,000 4.2 
United States | 4,700 | 12,000 | 17,000 | 1,800 | 690 | 2,400 | 30,000.0 | 80,000.0 | 100 
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in Million Gallons Per Day, by States 


Self-supplied Industrial 


Ground Water 
Irrigat jon 


otal 

Fresh Saline 

16.4 140 2 
6,910 140 0 
878 110 11 
23,025 460 0 
6,303.2 35 0 
13.3 51 6 
1.56 25 0 

0 11 0 
510 500 15 
30 10 0 
15,100 120 0 
8.0 380 13 

8.4 380 10 

4.6 410 9 

740 220 0 
8.4 160 0 
1,210 480 0 
.86 10 1 
13.68 76 3 
4.28 65 0 
48.3 290 25 
8.9 190 0 

770 430 0 
44 190 0 

9 756.4 60 2 
2,550 250 0 
1,916.8 22 0 
0.94 4 0 

37 290 6 
2,514 42 4 
47 250 7 
9.0 170 0 
121.4 66 0 
11.1 940 0 
225 70 32 
6,793.6 65 0 
15.6 340 0 
O.48 11 0 

x0 50 0 
27.8 96 2 
27.6 250 0 
10,229 530 500 
4,170.27 130 0 
1.1 12 0 
7.13 100 0 
5,030 180 0 
0.82 110 0 
9.0 120 0 
11,032.2 5 0 


110,000.0 9,200 650 


Surface Water 


Fresh 


690 
7 
3,700 
2,300 
110 
55 
1,200 
540 
3,900 
4,500 
55 


83,000 


Saline 


== 
— 


tw 
~ 
= 


461 
240 


0 
400 
0 

0 
450 
98 

0 

0 

0 


18,000 


Total 
| 
power 
2,752 3,011 
157 7,212 
531 1,514 
6,280.3 30,706 
505 7,082 
2.011 
321 371 
217 377 
1,945 2,812 
1,850 2,201 
214 15,425 
8,393.7 9,879 
6,590 7,022 
1,801 
1,220 2,235 
3,160 3,450 
3,680 5,172 
471 552 
1,607 1,937 
1,945 2,460 
6,015 | 6,964 
1,590 1,836 
540 1,484 
1,790 2,267 
215 10,101 
490 3,333 
53 2,043 
206 256 
3,696 4,323 
54.5 2,681 
6,757 8,884 
1,970 2,214 
226 408 
9 540 10,756 
516 976 
435 7,456 
9 501 11.014 
321 398 
740 951 
105 245 
3,950 4,279 
5,730 17,176 
240 4,602 
67 114 
1,750 2,012 
818 6,406 
4,010 4,120 
4,620 5,063 
60 11,148 
110,000 240,000 


95,000 
11,000 


20,000 
61,000 
27,000 

5,300 
16,000 


100,000 
17,000 
25,000 
60,000 
32,000 

0 
6,200 
37,000 
5,300 


130,000 
41,000 
0 

1,600 
3,300 
180,000 
41,000 
960 

29, 000 
6,400 
100,000 
11,000 
1,600 
16,000 
24,000 
110,000 
27,000 
84,000 
2,300 


| | | 
| | i 
sewage | 
i 
2,600 10 0 | 
17 0 0 
410 0 0 100 ae 
620 0.3 000 
470 0 0 800 ore 
1,000 680 0 000 
46 250 0 
6 200 0 31 
800 630 0 5100 
1,400 240 0 
94 0 0 
8,000 0 0.7 ; 
6,200 0 0 
1,100 0 0 
1,000 0 0 ,100 
3,200 0 0 
0 
680 0 
5,700 0 0 
1,400 0 0 tes a. 
52 58 0 ae 
1,600 0 0 
150 3 0 eS 
240 0 0 ean 
31 0 3,300 
110 0 1,000 
2,200 0 1500 
0.5 
3,000 3 0 
1,800 0 0 
160 0 4 
8,600 0 0 
360 54 0 ae 
6 3 7( ) 0 
5700 
70 0 
0 
0 ‘ 
) 0 
0 
0 
» 
0 
. 
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however, could be increased by the use 
of aboveground and _ underground 
storage. 
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Conservation of Water 

Water supply is a renewable resource 
because it is replenished frequently by 
precipitation. As water is a renewable 
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resource it cannot be hoarded ordinarily 
by nonuse. There are two important 
exceptions: stored ground water that is 
being mined and ground water that is 
being pumped at such a rate as to allow 
saline water encroachment to cause per- 
manent contamination. 


TABLE 11 


Change in Withdrawals, 1950-1955 


Water Used——med 
Per Cent 


Purpose of Withdrawal 4 


Change 


1950 1955 


Waterpower 1, 
Rural 
Public supplies 

Self-supplied industrial 

Irrigation (except conveyance losses) 


100,000 1,500,000 +36 


3,600 
14,000 
77,000 
79,000 


2,500 
17,000 
110,000 
81,000 


Total (other than waterpower) 


173,600 


210,500 


+21 
+43 


+21 


TABLE 12 


Average 


Region 


1,000 sq miles 


‘early Runoff 


Runoff* 


Area 


North Atlantic 
Upper Hudson 
Lower Hudson & coastal area 
Delaware 

Chesapeake 

Eastern Great Lakes & St. Lawrence 
Western Great Lakes 
Upper Mississippi 
Southeast 
Tennessee-Cumberland 
Ohio 

Missouri-Hudson Bay 
Lower Mississippi 
Arkansas-White-Red 
Western Gulf 
Colorado 

Great Basin 

Pacific Northwest 
South Pacific 


United States 


67,000 
14,000 
6,000 
12,000 
51,000 
40,000 
42,000 
62,000 
212,000 
59,000 
110,000 
52,000 
49,000 
90,000 
52,000 
13,000. 
10,000 
159,000 
64,000 


59 
13 


1,164,000 


* Modified from Langbein (3/). 
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24 
22 
12 21 
57 19 
47 18 
81 11 
182 7.2 
279 16 
59 21 
145 16 
580 1.9 
270 7.0 
= 3.2 
(258 1.1 
257 
- | 3,022 8.5 
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Mining of water is the withdrawal 
of water accumulated over a long period 
of time, just as any other mineral re- 
source is mined. For example, ground 
water that has accumulated for many 
centuries in the high plains of Texas 
now is being used for irrigation with 
the full knowledge that, once the 
ground water reservoir is depleted, it 
may be centuries before it can be filled 


TABLE 13 
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when fresh water is pumped from wells 
in large quantities allowing adjacent 
saline water to flow into the aquifers 
from which the fresh water was re- 
moved. The saline water may come 
from other aquifers below or above the 
fresh water aquifer, by seepage or 
through improperly constructed or cor- 
roded well casings, or from the sea in 
coastal areas. 


of 


Summary of Known Artificial Recharge During 1955, in Million Gallons Per Day, by Region 


4 
Aur-Con- Industrial | Surface Public 
Region omy | Other Total 
North Atlantic | 0 0 4.0 0 0 4.0 
Upper Hudson |} O 0 0 0 0 0 
Lower Hudson & coastal area 24.0 31.0 49.0 | 2.0 0 106.0 
Delaware 1.0 1.0 2.0 0 0 4.0 
Chesapeake 0.3 0 | 0 0 0 0.3 
Eastern Great Lakes & = 
St. Lawrence - 4.1 0 0 0 0 4.1 
Western Great Lakes es 6.0 3.5 0 0 0 9.5 
Upper Mississippi 0 1.0 6.4 0 0 7.4 
Southeast tS 2.0 0.25 0 0.1 0 2.35 
lennessee~Cumberland 0.5 0 0 0 0 0.5 
Ohio 0.5 2.6 300 | O | O 33 
Missouri-Hudson Bay 0 | 0 0.5 0 | @ 0.5 
Lower Mississippi 0 0 0 0 | O 0 
Arkansas-White-Red 0 4.2 0 0 0 | 4.2 
Western Gulf 0 0 0 0 | 0 | 0 
Colorado 0.2 0 0 0 | O | 0.2 
Great Basin 2.7 0 0 0 0 2:7 
Pacific Northwest 0 5.8 71.0 8.8 0.2 85.8 
South Pacific 0 0 375.0 60.0 0 435.0 
nited States 41.0 49.0 540.0 | 71.0 | 0.2 700.0 
again. Mining is a good conservation Water can be conserved in many 
practice if the present use of the water other ways. Reservoirs can be built to 
results in the greatest foreseeable hold back flood waters until they are 
benefit. needed. Better use can be made of 
Reducing or preventing contamina- the large ground water reservoirs. 
tion of ground water by saline waters Where geologic conditions permit, 


or industrial wastes conserves water. 
In some places fresh ground water has 
been replaced or contaminated by en- 
croaching saline water. This occurs 


water can be stored in ground water 
reservoirs by means of artificial re- 
charge. Artificial recharge averaged at 
least 700 mgd in 1955 (Table 13). 
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Most artificial recharge was practiced 
in California using surface water. Re- 
turn water from air conditioners, indus- 
trial waste, and sewage are also sources 
of water for artificial recharge. 

Water can be conserved by keeping 
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Correction 


The “Report of the Committee on Water Works Practice’ (March 1957 _ 
JourNAL, Vol. 49, pp. 341-48) contained an error. The first line on p. 345 
“Type K.” 


read 


refers to Type / copper tubing. This should have 
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T has been found that ground water 

is of excellent bacterial quality over 
large areas, and this is one of the rea- 
sons why it is so widely used for public 
water supply purposes. Other reasons 
are its clarity, its palatability, its free- 
dom from organic matter, its relatively 
constant temperature, and its reliability 
summer and winter alike. 


General Problem of Pollution 


Problems of ground water pollution 
vary according to the type of ground 
through which the water must pass. 
Where the ground consists of highly 
fissured rocks and coarse gravels which 
are exposed at the surface, water may 
pass through without appreciable 
change in composition. Consequently, 
if polluted water is allowed to enter 
the ground, the water drawn from it is 
also likely to be polluted. The only 
way of assuring that a source of water 
in such ground shall be of good quality 
is to establish a protected area within 
which discharge of polluting matter is 
prohibited. Where, as is usually the 
case, absolute protection cannot be 
achieved, the water should be given 
appropriate treatment before being sup- 
plied to the public; in all such cases 
disinfection is desirable. 

If the ground is impermeable—and 
provided that the impermeable layer is 
uninterrupted, extensive enough, and 
of sufficient thickness, and that any 


World Health Organization Report 


An excerpt from a report of the conclusions reached at the World 
Health Organization’s Fifth European Seminar held in July 1956 at 
Helsinki, Finland, and reprinted, by permission, from the Chronicle of 
the World Health Organization, Geneva, Switzerland, vol. 10, p. 362 
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Pollution of Ground Water 


wells through it are properly con- 
structed—nothing deposited on it can 
endanger the water which may be 
below. However, such conditions are 
very rare. 

The statements which follow apply 
to ground which is not highly fissured 
or formed of coarse gravel and which 
is permeable to water : 

The excellent bacterial and organic 
quality of ground water indicates, as 
has been repeatedly demonstrated, that 
permeable formations possess a capac- 
ity for purifying water. This purifying 
capacity depends on physical, chemical, 
and biological processes; and, as long 
as it is not overtaxed, it remains con- 
stant. All people who use ground 
water take advantage, consciously or 
unconsciously, of this purifying capac- 
ity. In an age when mankind is adapt- 
ing more and more of the resources of 
nature to its own use, it is following 
the general trend when it enlists in its 
service the natural purifying capacity 
of the ground to its maximum extent. 

It is essential, however, to take heed 
of the fact that, if the purifying capacity 
of the ground is overtaxed, undesira- 
ble phenomena occur—some of which 
are irreversible. The pollution may 
not be removed; the pores of the for- 
mations may become clogged; the 
water may pick up iron and manganese, 
or sulfide ; it may become too saline or 
acquire objectionable tastes ; and it may 
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carry disease. Increased demands on 
the purifying capacity of permeable 
ground formations must therefore be 
made with great caution and with full 
knowledge of the overall situation, and 
no one should be lulled into a false 
sense of security because the undesira- 
ble effects are long delayed. 

Bacterial pollution of ground water 
is the most important danger, but it is 
perhaps the most readily removed by 
filtration through several meters of 
ground if the interstices are small. 
That disease has been transmitted by 
ground water is a matter of record. It 
is essential for modern civilization that 
all communities where houses are close 
together should have either a piped 
water supply, or a sewerage system 
carrying human wastes well away from 
a source of water supply preferably 
both. When houses are more scattered, 
all wells should preferably be on the 
upstream side of, and as far away as 
possible from, any site for sewage dis- 
posal. Drawing water from depths well 
below the water table may also be a 
contribution to safety, since pollution 
has a tendency to be greater near the 
free water surface. 

The role of viruses in the spread of 
disease by ground water has been in- 
sufficiently explored. 

A water which is hacteriologically 
safe may still be undesirably contami- 
nated with organic matter from sewage 
or other sources; this type of matter is 
not removed as rapidly as the bacteria. 
Organic matter requires oxygen for its 
mineralization ; and it is better if the 

ygen is atmospheric oxygen, which 

available in ample quantities only 
ear the surface. Moreover, soil near 
he surface contains quantities of 
imus material which is the abode of 
ganisms that can effectively oxidize 
ganic matter. For both these reasons 
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organic matter should be allowed on 
to the ground only under conditions 
where it is not carried far below the 
surface before oxidation is substantially 
complete. These conditions depend 
upon the nature of the organic matter, 
its total amount, and its concentration 
when applied. For example, it is use- 
less to flood an area of land perma- 
nently with an industrial organic waste 
and hope that it will soak away and be 
oxidized. Sufficient oxygen would not 
be available. Cases have been cited of 
gross ground water pollution occurring 
in such circumstances are on record. 
It should be mentioned that the benefits 
of the purifying capacity and of the 
presence of oxygen near the surface are 
foregone if wastes are discharged di- 
rectly into the ground water by way of 
sinkholes, pits, or wells. 

There are instances in which organic 
compounds are incompletely oxidized 
or are incapable of being oxidized at 
all biologically. Such compounds 
(phenols for example) could convey 
objectionable tastes to water, or they 
could conceivably make it actively 
toxic. The greatest possible care 
should be taken to prevent such wastes 
from being discharged on to the land 
at all, and particularly into the ground 
by way of seepage pits. 

Pollution may penetrate much fur- 
ther into the ground in certain weather 
conditions—for example, after a period 
of drought when the soil cracks. The 
fact that a ground water is usually un- 
polluted does not necessarily mean that 
it will always be unpolluted. In using 
the purifying capacity of the ground 
it is essential to allow a very consid- 
erable factor of safety. 

Some polluting substances are not 
removed in the ground at all. Of 
these, salts such as chlorides have given 
the most trouble. The quantities of 
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chlorides discharged into the ground 
should be so regulated that, after dilu- 
tion and by the time a source of supply 
is reached, their concentration will not 
make the water nonpotable or unfit 
for any other essential use. 

The practice of artificially increasing 
the quantity of ground water is grow- 
ing and has much to recommend it. 
In some countries it is indeed believed 
to be essential. It is usual to set aside 
areas of suitable land on which river 
water, for example, is led and allowed 
to percolate away. The practice raises 
its own pollution problem unless, as 
is sometimes the case, the recharge 
water is itself of potable quality. The 
chief trouble arises from the presence 
of suspended matter, which tends to 
clog the surface, and the difficulty of 
assuring that the oxygen necessary to 
deal with the organic matter is pro- 
vided at the place where it can do its 
proper work. Various means are avail- 
able to overcome these difficulties, and 
those suitable to the circumstances 
should be adopted; otherwise, replen- 
ishment schemes may come to a pre- 
mature end, or the ground water may 
need treatment after abstraction. 


Industrial Effluents 

The danger of pollution of under- 
ground water by industrial effluents 
calls for a more careful study of the 
problem of industrial waste disposal. 

The use of diffusion wells or seep- 
age pits for waste disposal, though 
practiced to some extent in certain in- 
dusiries, should be looked upon as 
reasonably safe only where the receiv- 
ing aquifer is unfit for other use and 
there is no possibility that the waste 
will find its way into other water- 
bearing strata. It should be remem- 


bered that wastes disposed of in this 
way are beyond the control of man 
and that, once damage has been done, 
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the possibilities of remedy are very 
remote. 

It has been suggested that, before 
deciding on other methods of disposal, 
one should study, in each individual 
case, the existing possibilities of simpli- 
fying the waste problem by in-plant 
measures such as: [1] the reclamation 
of utilizable products otherwise lost 
in the wastes flow, impairing the qual- 
ity of the effluent ; [2] the recirculation 
of water, as practiced, for example, in 
the pulp and paper industry, in beet- 
sugar factories, steel mills, and so on; 
and [3] alterations of the manufactur- 
ing process. The last need not neces 
sarily be of a revolutionary nature; 
they may sometimes involve only minor 
changes which will prove effective from 
the point of view of pollution abate- 
ment. It is not claimed that by such 
measures the need for waste water 
treatment will be eliminated. But, if 
feasible, such measures will reduce the 
cost of waste water treatment, and they 
have, in numerous cases, resulted in a 
net saving in production costs as well. 

The kind of treatment that should 
be provided for industrial wastes in- 
jurious to health obviously varies with 
the nature of the contaminating mate- 
rial and with the method of ultimate 
disposal. Toxic should be 
treated so as to conform to the stand 
ards set by the competent local authori- 
ties or supervisory agencies. Where 
such standards do not exist, their in- 
troduction should be considered. In- 


wastes 


fectious wastes may call for precaution- 
ary methods of treatment. With the 
exception of thermal disinfection, as 
practiced in rendering plans for the 
disposal of animal carcasses, disinfec- 
tion of these wastes is not the general 
rule; and this may be unsatisfactory in 
certain circumstances. Further re- 
search is needed on the role of certain 
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industrial wastes in the spread of 
anthrax and tuberculosis, and indus- 
trialists should be made aware that 
there is a probable danger in the indis- 
criminate disposal of such wastes. 

Special consideration has been given 
to the disposal of the waste waters of 
the pulp and paper industry, which is 
of vital importance to the national wel- 
fare of Finland, Norway, and Sweden. 
It has been shown that the large amount 
of organic material going to waste in 
this industry constitutes a heavy pollu- 
tional load on the receiving waters; 
and, though not directly injurious from 
the health point of view, this pollution 
is of considerable concern. It is recog- 
nized that, owing to differences in the 
size and location of the mills—their 
working methods, the limitations of ex- 
isting waste treatment methods—and to 
economic considerations, no generally 
applicable method of solving the waste 
problem is available to date. Further 
research on the development of suitable 
methods is necessary. 

In spite of the great efforts made to 
utilize spent sulfite liquor in other in- 
dustries, the market requirements for 
its products are limited and can be sat- 
isfied by a small fraction of the entire 
volume available. Nevertheless, utili- 
zation of the soluble constituents of the 
wood processed in the paper and pulp 
industry merits more study. The most 
pronusing method for solving the waste 
problem in this industry, as indicated 
by current experience, appears to be 
heat recovery by evaporation and burn- 
ing of the liquors. It is already feasible 

areas where fuel is expensive, and 

likely to become more economical as 
a result of further development. 


Water Economy 
Sanitary engineering has an impor- 
it part to play in sanitation in gen- 
il and in safeguarding surface water 
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and ground water quality in particular. 
However, the interests of sanitary engi- 
neering, particularly in industrialized 
countries, are not always in line with, 
and are sometimes directly opposed to, 
the interests of those who require more 
and more water for industry and agri- 
culture; require the use of rivers for 
navigation, fishing, and _ recreation; 
produce ever increasing quantities of 
ever more complicated effluents, as well 
as sewage, and look to the rivers as a 
means of disposal; or require ground 
for building towns and factories which 
would otherwise be available for the 
collection of ground water. An ade- 
quate reconciliation of these conflicting 
interests, and thus the solution of the 
water problem, can be found only by 
taking into consideration the total 
water economy of a whole river basin 
or a whole country. Regional and na- 
tional authorities should bear this in 
mind. International collaboration is 
also essential in some cases. 

The principal task of any organiza- 
tion dealing with water economy would 
be threefold : 


1. To set up a balance between the 
available resources of water and the 
existing and foreseeable future require- 
ments for water 

2. To improve the balance by in 
creasing the available resources and 
improving their quality by reducing 
pollution 

3. To improve the balance by reduc 
ing requirements, which may also re- 
duce pollution. 

Some of the methods of increasing 
water resources which would have to 
be studied are: [1] the use of impound- 
ing reservoirs in the upper parts of 
rivers for direct supply to water users 
or to balance the flow in the rivers over 
the different seasons; [2] the use of 
storage reservoirs in the lower parts of 
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rivers for the same purpose or to allow 
purification to take place ; and [3] arti- 
ficial recharge of ground water, a 
method which may well have an impor- 
tant future as it offers important ad- 
vantages over open reservoirs. In 
many areas water resources would be 
increased by the establishment of more 
efficient effluent treatment plants. The 
water in a polluted stream can hardly 
be said to be “available” for a purpose 
requiring safe water. 

Of the ways in which water require- 
ments may be reduced, the one which 
might best repay examination is the 
reuse of water in industry, either by 
recirculation through a process or by 
the successive use of water in different 
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processes. This procedure has already 
proved practicable in some cases; and, 
at the same time, it may greatly reduce 
the amount of polluting matter to be 
finally discharged. 

There has been a more or less natu- 
ral controversy between the interests 
of industry and of those concerned with 
the prevention of water pollution, but 
it is encouraging to note that in some 
countries industry is now taking a more 
positive attitude towards the problem 
of stream sanitation. The interests of 
industry and public health in this re- 
spect are not irreconcilable, and it is 
therefore suggested that each country 
should proceed towards the adoption 
of a national water policy. 
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HE demand for water for munici- 

pal, industrial, and agricultural 
purposes in the United States has in- 
creased tremendously in recent years. 
Critical shortages of water in several 
major areas have resulted, especially 
in the Southwest. In Texas, many 
counties afflicted by drought have been 
declared disaster areas, eligible for 
federal relief measures. Other states, 
also, have recently experienced similar 
shortages. 

Adding to the burden imposed by 
drought conditions is the constant ex- 
pansion of population, industry, and 
irrigation. The report by the Presi- 
dential Advisory Committee of Water 
Reserve Policy (issued in 1955) esti- 
mated that by 1975 the water require- 
ments of the United States would reach 
350 bgd—an increase of 90 per cent 

er the 1950 requirements. 

Urban as well as agricultural areas 
have suffered shortages and, at times, 
have allocated and curtailed their water 
usage. An example of critical munici- 

| water shortages is that experienced 

New York City in 1950. In other 
nstances, industries have refrained 
rom moving to, or expanding in, loca- 
ions where water shortages had de- 
veloped, or appeared imminent. 


Conservation Methods 


There are a number of methods of 
nservation of water, including re- 
cling, repurification and reuse, and, 


1956, at the 
Little Rock, Ark., by B. W. Beadle, Chairman, Dept. of Chemistry and 


Chem. Eng., Southe west Research Inst., 


Southwest Section Meeting 


San Antonio, Tex. 

soil conservation tech- 
niques employing such devices as 
small reservoirs and catch basins, 
cover crops, contour plowing, and other 
anti-erosion methods. A major con- 
servation of water would be possible 
if evaporation from large reservoirs 
and lakes could be retarded by any of 
several control methods or combina- 
tions of these. 

Evaporation from reservoirs, espe- 
cially in hot, arid climates, represents 
a very significant loss—in some cases, 
as much as 10 vertical feet of water 
depth per year. Thus, the full signifi- 
cance of the value of evaporation loss 
control is obvious. Methods and tech- 
niques, once developed, could be uti- 
lized throughout the United States 
and, indeed, throughout the world. 

The problem of evaporation in the 
United States has been studied since 
just before the turn of the century. 
Studies in Nebraska from 1895 to 
1910 (7) showed that the daily evapo- 
ration during the period from April to 
October exceeded the rainfall. 

Losses of water by evaporation can 
be retarded in several ways (2) ; these 
include the following: 


in rural areas, 


Monomolecular film applied to 
the water surface 
2. Construction of reservoirs with 
maximum average depth (minimum 
exposed surface area) 
3. Concentration of water into sin- 
gle reservoirs 
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4 4. Elimination of marine growths 
Elimination of shallow-water 


BEADLE 


areas 

6. Storing of water in ground water 
reservoirs (recharge of underground 
aquifers ) 

7. Reservoir roofs, floating covers, 
and sealants 

8. Wind breaks. 


It is believed that the methods listed 
are, in general, self-explanatory. Basi- 
cally, they serve either to reduce the 
amount of exposed surface of the res- 
ervoir or to moderate conditions which 
favor evaporation. The monomolecu- 
lar film method, it is believed, has con- 
siderable possibilities as a_ practical 
means of reducing evaporation. Conse- 
quently, this discussion will concen- 
trate on this method of control and on 
the research project now under way on 
this method at the Southwest Research 
Institute in San Antonio. 


Monomolecular Film Theory 


Certain types of organic compounds 
fatty acids, fatty amids, fatty alco- 
hols, fatty amines, fatty nitriles, and 
certain special organic materials—pos- 
sess the property of forming a film 
one molecule in thickness when ap- 
plied to a water surface. These mole- 
cules have in their molecular structure 
a hydrophilic portion which is at- 
tracted by the water (for example, the 
COOH, CH,OH, CONH,, CH,NH,, 
and CH,CN groups) and a_ hydro- 
phobic portion (the long carbon chain 
—12 or more carbon atoms), attached 
to one of the above hydrophilic radi- 
cals, which is repelled by the water. 
Thus, when packed together, the mole- 
cules stand on end, closely packed, and 
form a film which helps resist evapo- 
ration of the water thus covered. 
Chemical materials of this type applied 
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to the surface of water will, by their 
own special nature, spread continuously 
unless confined by physical barriers 
such as shore lines or reservoir walls. 
At any time that a material is present 
in excess of the amount necessary to 
form a compressed film one molecule 
deep, the film-forming material may 
function as an effective evaporation re- 


tardant (2). 
T 


As already mentioned, the study of 
evaporation of water from reservoirs 
in the United States began in 1895. 
Records kept for 15 years showed that 
evaporation, even then, exceeded local 
precipitation. 

Certain effects of thin oil films have 
been known for at least 2,000 years; 
oil has been used by mariners to calm 
the actions of stormy seas since an- 
cient times. It was not until 1917, 
however, that Langmuir (3) reported 
his work on monomolecular films and 
their use in determining molecule size 
and shape. Langmuir’s work intro- 
duced new concepts and experimental 
methods, and he was the first to utilize 
fatty acids and alcohols. The first at- 
tempts to use the monofilm technique 
to reduce evaporation rates were re- 
ported in 1924 (4), but these were 
not successful. The first successful re- 
sults were reported by Langmuir in 
1927 (5). The use of a hexadecanol 
film gave a 50 per cent reduction in 
the rate of evaporation. The use of 
an alkylphenol (or cresol) and min- 
eral oil film was patented in 1939 (6), 
but the process did not appear promis- 
ing for water bodies used for drinking 
water and recreational purposes. 

More recently, large-scale work uti- 
lizing hexadecanol was started in 1952 
Melbourne, Australia (7).  Al- 
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though the information reported is in- 
complete and somewhat premature, the 
technique and the material used are 
claimed to be both practical and ef- 
fective. For normal summer condi- 
tions in inland southern Australia, a 
mean reduction of about 45 per cent 
of the water loss is predicted. The 
Australian researchers have not reached 
definite conclusions and plan to treat 
a number of large bodies of water and 
have an evaluation of the methods 
within 2 years. 

In Kenya, East Africa, some work 
has been in progress in field trials on 
reservoirs of 1-10 acres. In the 
United States, work is being conducted 
by the US Bureau of Reclamation, the 
State Water Survey Division of Ili- 
nois, and by the Southwest Research 
Institute. 

Of studies on a laboratory scale, 
La Mer and coworkers at Columbia 
University have recently published 
their work (8, 9) on the action of fatty 
acids, esters, and alcohols in reducing 
evaporation of water. Under the best 
available laboratory conditions, rate re- 
ductions of up to 99.99 per cent were 
obtained. 

Even if the best methods developed 
do not produce an evaporation reduc- 
tion of over 45 per cent, this saving is 
highly significant to the water econ- 
omy of the United States. It has been 
calculated that, on a basis of an appli- 
cation rate of 2.2 lb of material per 
acre, a reduction of evaporation of 45 
per cent, and a film life of 30 days, the 
cost of saving (or producing) an acre- 
foot of water by this process is $1.60, 
or approximately one-half cent per 
1,000 gal. 

The results from practical tests in 
Australia were possibly not applicable 
to the United States because of differ- 
ences in climate, soil, and water condi- 
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tions. It was, therefore, desirable to 
conduct laboratory and field trials here. 

The Institute first became interested 
in water evaporation control in July 
1954, when Ian W. Wark, of Australia, 
addressed the San Antonio Section of 
the American Chemical Society report- 
ing the Australian work on use of the 
monofilm technique. A plan evolved to 
do experimental work in the Southwest 
to develop water evaporation control 
measures especially adapted to its gen- 
eral and climatic conditions. 

A full-day meeting was held of per- 
sons representing thirteen organiza- 
tions in Texas interested in water con- 
trol and of Institute representatives, at 
the offices in San Antonio on Dec. 1, 
1955. This meeting resulted in a plan 
for the organization, financing and man- 
agement of the water evaporation con- 
trol program. The tentative project 
was called “The Southwest Cooperative 
Project on Control of Evaporation 
From Reservoirs.” The program was 
set up for a research period of 18 
months at an estimated cost of $25,000. 
E. V. Spence, general manager of the 
Colorado River Municipal Water Dis- 
trict, Big Spring, Tex., was named 
chairman, and Uel Stephens, manager 
of the Fort Worth Water District, was 
named secretary-treasurer of the spon- 
soring group. The Texas State Board 
of Water Engineers agreed to act as 
the contracting agency for the sponsors. 
The current list of sponsors is shown 
in the Appendix. 

The Institute has hoped the research 
and development of water evaporation 
control can be a cooperative venture 
on a wide—even international—basis. 
Workers in foreign countries have been 
contacted in a spirit of cooperation as 
have coworkers in the US Bureau of 
Reclamation, the US Corps of Engi- 
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neers, the Illinois State Water Survey 
_ Division and others. Companies, such 


‘al industries, which have a major in- 
terest in water have been invited to 
_ share in this program, and some have 


done so 


Fig. 1. Apparatus Used for Screening 
Organic Chemical Samples 


Evaporation losses in the test jars (bot- 
tom) are measured by replacing the 
water used from the reserve supply cylin- 
ders (top). The material under test is 
placed on the water surface in the test 
jar and a calibrated air flow passed over 
the surface. 
\ 


The Research Program 
The proposed research program was 
designed to give information on the 


following subjects: 


1. The present status of develop- 
ment by others 
2. The best compound to be used 
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. The best methods of application 
How the films work 
The coverage and life of a film 
The biological effects 
. The effect on objects in the 
water 

8. The effect of physical factors 
such as water, temperature, rain, dust, 
freezing, and wave action 

9, The general effectiveness of the 
treatment 

10. The cost of treatment in terms 
of acre feet of water saved 


WwW 


The first phase of the program con- 
sists in the compilation of a complete 
bibliography on all subjects relative 
to water evaporation and its control. 
This includes theory, suitable methods, 
means of application, techniques for 
water evaporation measurement, and 
ll obtainable results of work to date. 

The second phase concerns the pre- 
liminary laboratory work involved in the 

reening of organic chemical samples 

‘ig. 1) that may be suitabie for water 
evaporation control. As a result of 
publicity, more than 146 different sam- 
ples have been submitted by individual 
companies for testing. Some of the 
samples were submitted upon request 
and others were offered voluntarily. 
They are of a great variety of mate- 
rials—alkanols, organic acids, amines, 
amides, ketones, silicones, diols, and 
similar compounds. Some of the sam- 
ples are not pure compounds but are 
mixtures, such as preparations derived 
from the treatment of oils and fats (tal 
low), and inert materials like ground 
plastics, plastic bubbles, ground cork, 
and plastic air pillows and membranes. 

A fundamental study will be made 
of the physical chemistry of mono- 
molecular films and suitable substances 
with the objective of correlating mo- 
lecular structure or physical properties 
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with their effectiveness as water evapo- formance of the film under field condi- 
ration retardants. tions. In addition to providing a fur- 
The major part of the biological ther screening of evaporation retard- 
work will be done by the USPHS. ants showing promise in the laboratory, 
This will include tests for toxicity of this phase is expected to provide a 
the chemical compounds to be used, technique which can be used on simi- 
their effect on marine animal and plant lar tanks on ranches and farms, after 
life, their effect on oxygen and carbon _ the toxicological effects of the material 
dioxide transfer rates between air and or materials used have been investi- 
water, and similar studies. Under the gated. Climatic effects, methods of 
direction of Bernard B. Berger, work is application, life expectancy, and so on, 


‘ Fig. 2. Ten-Foot Stock Tanks Used in Evaluating Evaporation = 
Control Materials 
Wind velocity, and wet- and dry-bulb thermometer readings 
are being taken. Water levels are measured in the still wells 
with a hook gage. A hexadecanol storage raft is at the left i 
center of the tank in the foreground. s 
= 
under way at the Robert A. Taft Sani- can be explored further during this. + 
tary Engineering Center in Cincinnati, phase. 
Ohio. In the fourth phase, the work will be 
Concurrently with the laboratory performed on a larger scale—in swim- 
screening tests, evaluation of hexa- ming pools, ponds, and reservoirs up 
decanol and other materials showing to 5 acres in size. Those compounds 
promise in the screening work is being showing the most promise in the sec- 
investigated in 10-ft stock tanks (Fig. ond and third phases will be further 
2). This is the third phase and will evaluated. At this stage, the cost and 
evaluate in a preliminary way the per- economics of the process can be calcu- 
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lated with some reality. A large part 
of the work of this phase will be con- 
ducted in cooperation with the USGS 
at Denver, under the direction of G. 
Earl Harbeck. 

As the final step in the program, as 
now outlined, it is planned to present 
a schedule of tests and a program for 
treating large reservoirs (several hun- 
dred acres to several square miles). 
This will be done only after full clear- 
ance has been obtained from local, state, 
and US government agencies such as 
the local health departments, fish and 
game commissions, state health depart- 
ment, USPHS, food and drug admin- 
istration, and others. Assistance will 
be secured from the US Bureau of 
Reclamation and the USGS. Thus, 
large bodies of water—particularly 
those used by animals or humans as 
drinking water sources—will not be 
used in the testing program until all 
possibilities of deleterious effects have 
been eliminated. 


Current Tests 


In the chemistry and chemical engi- 
neering laboratories at the Institute, 
the screening tests are near comple- 
tion. One hundred thirty-six samples 
had been evaluated as of Sep. 1, 1956. 
The screening apparatus consists of an 
insulated, constant-temperature bath 
containing water kept at about 30°C. 
Battery jars placed in the trough con- 
tain the water under test. Sweep air 
is dried by passing it over silica gel. 
It then flows over the water surface at 
0.3 mph. Water levels are kept con- 
stant automatically by means of in- 
verted, closed-top cylinders (similar to 
chicken-watering device). Test 
dosage has been 1 Ib of material per 
acre. Twelve samples and two control 
tests make up each test bank. 

_ The fatty alkanols have performed 
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best to date. Although the fatty acids 
and fatty amides are known to form 
monofilms—and the former, under 
most precise laboratory conditions, 
gave over 99 per cent reduction of 
evaporation—neither type of compound 
has done well under conditions here. 
It is felt that the test conditions at the 
Institute give a fair indication of per- 
formance to be expected, at least for 
a short time, in the larger field tests. 
Tests which have been conducted in the 
10-ft stock tanks tend to confirm this. 

Four of the best materials produced 
by the screening program have been 
evaluated in the 10-ft tanks. Excel- 
lent reduction of evaporation has been 
achieved, but only for a short time—5 
to 8 days. Ways to increase the film 
life are being studied. 

The basic evaporation and seepage 
characteristics of a 4-acre lake located 
on the Essar Ranch about 6 miles from 
the Institute have been determined in 
cooperation with the USGS at Den- 
ver. Two sets of tests have been con- 
ducted, one with hexadecanol and one 
with octadecanol. The technique of 
application was apparently faulty, as 
little, if any, evaporation reduction was 
produced. The work will be con- 
tinued as rapidly as possible. The 
USPHS indicates some bacterial at- 
tack on hexadecanol. Results are pre- 
liminary, however, and investigations 
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Summary 

It has generally been found that 
long, straight-chain, primary com- 
pounds appear to show the most prom- 
ise as evaporation retardants, which is 
in agreement with published theories. 
These compounds have one disadvan- 
tage in that they may be subject to bio- 
chemical oxidation. This is especially 
true of the alkanols although these ma- 
terials form a film having a more sus- 
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tained reduction of evaporation than 
acids, amides, or amines of various 
types. 

Small hard lumps of materials not 
over 2 mm in diameter are believed to 
be the most desirable physical form of 
the solid film-forming material. The 
film does not generate rapidly from 
particles 0.25 in. and larger. Liquid 
materials offer the problem of how best 
to store the reserve material to replace 
that lost by adherence to piers, boats 
and other objects in the water. 

The best evaporation retardants 
have shown savings of evaporation of 
as high as 93 per cent for short periods 
of time, and 45—50 per cent for as long 
as 15 days in the laboratory and 5-8 
days in the field. This short life 
the field indicates the need for refine- 
ments in techniques of application. 
Some of these are presently under 
consideration. 

In addition to the increased water 
supplies to be made available by re- 
ducing the amount of water lost by 
evaporation, the same technique may 
make usable some water reservoirs 
now brackish or saline. Inasmuch as 
it is water only that evaporates, reduc- 
tion of evaporation may save enough 
water to render usable some borderline 
water sources. 

The ultimate objective is to develop 
a practical and economic method for 
reservoir evaporation controls, one 
that will be of maximum benefit to 


CONTROL OF RESERVOIR EVAPORATION © 403 


water users in the Southwest and 
other portions of the United States 
and, indeed, the world. 
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Reservoir Evaporation Control Sponsors as of Aug. 11, 1956 ~ 
Abilene, City of Wyatt B. Hendrick 


Allis-Chalmers Mfg. Co. of Houston 
Ambursen Eng. Co. Houston Lighting & Power Co. 7 
American Cast Iron Pipe Co. oie - Humble Oil & Refining Co. 

American Water Works Assn. - Lone Star Steel Co. 
Archer-Daniels-Midland Co. os Lower Colorado River Authority 
Brown County Water Improvement Dist. Pioneer Natural Gas Co. oe 
Central Power & Light Co. Powell & Powell, Engrs. — 
Clow, James B. & Sons, Inc. Rockwell Mfg. Co. 
Colorado River Municipal Water Dist. Rohm & Haas Co. Sarg. Ost 
Continental Oil Co. Sabine River Authority 

Cosden Petroleum Corp. i City of San Angelo 

Dallas, City of 1 Southwestern Bell Telephone Co. 
Dallas Power & Light Co. | Tarrant County Water Dist. # 1 : 
W. S. Dickey Clay Mfg. Co. Texas Electric Service Co. 
El Paso Natural Gas Co. Texas Gulf Sulphur Co. a : 
Empire Southern Gas Co. M Texas Vitrified Pipe Co. —~ ; 


Fairbanks, Morse & Co. — Texas Water Conservation Assn. 
Forrest & Cotton, Cons. Engrs. United Gas Pipeline Co. 

City of Fort Worth United States Pipe & Foundry Co. 
Freese & Nichols City of Waco 

General Telephone Co. City of Weatherford 
Gifford-Hill-American, Inc. * West Texas Chamber of Commerce 
Gulf States Asphalt Co. West Texas Utilities Co. 

Gulf States Utilities Co City of Wichita Falls 
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HERE is, today, a general appre- 
ciation that increased _ electric 
power consumption and more ru- 
merous power plants may ultimately 
raise the temperatures of some water 
supply streams and lakes through the 
addition of waste heat in cooling 
waters. It may be interesting and use- 
ful to review the nature and magni- 
tude of changes associated with over- 
all temperature rise. Obvious from the 
start is the fact that the practical prob- 
lems rising from any real power plant- 
water supply relationship will require 
special analysis. This presentation 
deals only with the kinds of relation- 
ships that must be considered. 
When waters are warmed, a number 
of processes that modify water quality 
are changed : 


1. The rates at which organic mat- 
ter decomposes, the rates at which 
microorganisms die and are replaced 
by succeeding waves of living things, 
and the rates at which oxygen is con- 
sumed and carbon dioxide substituted 
by these processes are increased by 
rising temperature. The solubility of 
gases declines, the rates of solution 
rise, and the net natural self-disinfection 
processes of waters are accelerated. 

2. Pathogenic organisms survive for 
shorter periods in waters as tempera- 
tures go up. 

3. The activity of disinfectants in- 
creases with rising temperatures; the 
rate of chlorine demand also rises. 
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_ Warm-Water Effects on Municipal Supplies 
Charles E. Renn 


_ A paper presented on Oct. 25, 1956, at the Chesapeake Section Meet- 
ing, Baltimore, Md., by Charles E. Renn, Prof., Dept. of San. Eng., 
Johns Hopkins Univ., Baltimore, Md. 


4. Warm waters generally support 
a higher proportion of blue-green 
algae than cold waters. Tastes asso- 
ciated with these organisms are re- 
putedly more frequent under summer 
conditions. 

5. The density and viscosity of 
waters above 4°C decline at acceler- 
ated rates with rising temperature ; this 
factor accelerates settling, permits 
more rapid filtration, and requires 
higher backwash rates. 

6. Rising temperatures may make 
alum flocculation and _ precipitation 
more efficient. 


Coal-burning power plants also pro- 
duce varying amounts of industrial 
type wastes such as fly ash and boiler 
blowdown solids, solids and extrac- 
tives from coal storage, and water 
conditioning wastes. No generaliza- 
tions can be made concerning these. 
They may or may not be present in sig- 
nificant quantities, depending upon 
site limitations. 

The effects of heating vary in dif- 
ferent parts of the water source sys- 
tem. Cool water is passed through the 
heat exchange system of the plant, 
then is heated rapidly to an average 
20°F above the prevailing river tem- 
perature, and finally it is discharged 
at temperatures in the range of 18°F 
above intake temperatures. Tempera- 
tures of water discharged may rise to 
100°F, but efficient power requirements 
favor lower discharge temperatures 
than this. 
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Destruction of Organisms 


Some changes do occur when the 
water passes through the heat ex- 
changers: a fraction of the water is 
momentarily heated to temperatures 
much above average values ; organisms 
that cannot survive sudden temperature 
rises are killed. The consequences of 
this sudden shift have been described 
by Lackey (1): 

Sudden rises in temperature, even 
within the life range of an organism, 
are frequently fatal. Condenser water 
entering a stream may be the cause of 
wholesale plankton destruction. Well- 
authenticated cases of catastrophic fish 
deaths in landlocked bays or similar situ- 
ations as a result of sudden temperature 
variations, are well known, but phenom- 
ena of this kind for smaller creatures 
are rarely recorded. A short stretch of 
the White River at Anderson, Ind., 
sometimes has its temperature raised 
several degrees by cooling water from a 
municipal utility plant, and in this area 
plankton counts have been lower than 
nearby sampling points having lower 
temperatures. 

The destruction of plankton micro- 
organisms may produce a regional rise 
in biochemical oxygen demand, as a 
result of accelerated fermentation of 
the dead materials. It may also pro- 
duce local areas of active predation, 
where small migratory invertebrates 
and other scavengers feed actively 
upon the freshly killed population. 
These effects are common to all transi- 
tional waters 


Effects on Oxygen 

The measurable effects of these 
sharp, localized heat gradients will be 
determined by the distribution of the 
heated water at the outfall. The net 
etfect of added heat is to speed up 
the cycle of events commonly described 
as “self purification” of water. 
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Phelps (7) points out that three 
conditions are simultaneously altered 
with rising temperature: [1] the dis- 
solved oxygen concentration of the 
water at saturation declines; [2] the 
rate at which water deficient in oxygen 
reaerates itself rises; and [3] the rate 
at which fermenting organic matter in 
water consumes oxygen rises. The 
rate at which oxygen is consumed by 
fermentation processes rises more rap- 
idly than the rate of reaeration, how- 
ever. The net result is that oxygen 
deficits appear earlier in the down- 
stream flow of a polluted stream in 
warm weather than they do in cold 
weather, and the deficit is also more 
marked. However, the warmer waters 
will begin to recover from the deficit 
earlier and will reach equilibrium more 
rapidly than colder waters. 

The observation is pertinent to 
streams where industrialization may 
be expected to increase the organic 
waste loading. The rise of industries 
and communities with increasing 
available power is common. 


Bacterial Growth 


It is commonly believed that raising 
the water temperature somehow 
makes the medium more congenial for 
bacteria. This is true only in the sense 
that those bacteria that can multiply 
in water are likely to go through the 
receding cycles of life and death more 
rapidly. This does not apply to any 
of the human intestinal pathogens, 
however. These various organisms 
highly adapted to their human hosts 
do not find natural waters a congenial 
medium. They cannot multiply in the 
weak, unspecialized nutrient media of 
natural waters and they die from a 
number of natural causes. This has 
been recognized from early days of 
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water sanitation ; it has been put in this 
fashion by Suckling (2): 


The bacterial condition, both as regards 
total bacteria and intestinal organisms, of 
the rivers and other supplies in England 
is generally worst in the winter months, 
and rainfall and snow are the most im- 
portant factors in this regard. The com- 
parative absence of sunlight and the 
lower temperature caused a_ subdued 
protozoal and algal life, and a slower 
rate of flocculation and sedimentation as- 
sist in bringing about this result. 


This observation is complicated by 
other seasonal factors. More re- 
stricted experimental observations bear 
out the tendency, however. In 1915 


TABLE 1 


Effect of Temperature on Survival of Typhoid 
Bacteria in Water 


Percentage of No. of Weeks 
Temperature | Typhoid Organ- Before Final 
isms Surviving Disappearance 
After 1 Week of Organisms 
0 46.0 9 
5 14.0 7 
10 0.07 5 
18 0.04 ol 


Harvey (2) made observations on the 
numbers of Salmonella typhosa in 
specimens of feces from carriers, and 
found that the bacteria survived for a 
period of 4 months in cold weather. 
The period of survival in feces and soil 
in hot weather, however, did not ex- 
ceed 2 weeks. A comparable observa- 
tion on the survival of Salmonella 
schottmuellert was made by Fletcher 
(1917-1918) who found that these bac- 
teria could be cultivated from feces for 
4 days at 37°C and for 10 days at 15°C 
(2). Applications of the principle that 
rising temperatures increase the natural 
destruction of typhoid organisms in 
water were also set out in Houston’s 
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Table 1 outlines his 


1911 report (3). 
findings. 

The common fecal coliform organ- 
ism tracer for domestic sewage pollu- 
tion, Esch. coli, also dies off more rap- 
idly in contaminated waters when 
temperatures rise. The increase in 
rate of natural death with rising tem- 
perature is more marked in summer 
temperatures ranging above 20°C (3). 

The general relation of temperature 
to chemical disinfection rates given in 
texts is that both chemical and biologi- 
cal changes associated with killing are 
speeded up by rising temperatures. 
Prescott and Winslow (3) state that: 


Temperature has a noticeable effect on 
chlorination both in germicidal action 
and in the absorption of chlorine. Re- 
sidual reactions usually persist longer in 
winter than in summer, but secondary 
factors, such as biological activity in 
reservoirs and mains, often play a part 
in this effect. 


Temperature and Chlorine 


The profound effect of temperature 
upon chlorine and chlorine ammonia 
disinfection of potable waters has been 
recognized for a long time. 

The effects of temperature upon the 
bactericidal efficiency of free chlorine 
is most marked at high pH values 
(more than 8.5) where the overall 
rates of kill are lower. This applied 
both in tests on Esch. coli and Salmo- 
nella typhosa. Effects of temperature 
are also more pronounced where the 
chlorine residuals are extremely low— 
0.02 ppm to 0.03 ppm free chlorine (4). 

During World War II, much atten- 
tion was given to extreme tempera- 
tures under which emergency water 
disinfection had to be applied. 

Ames and Smith (5) studied the 
disinfecting action of chlorine on mas- 
sive populations of Esch. coli in the 
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presence of high organic nitrogen con- 
centrations (0.25 per cent nitrogen) .* 
They found the temperature coefficient 
of kill varied with temperature as fol- 
lows: from 10°C to 20°C, the coeffi- 
cient was 3; from 20°C to 30°C, it 
was 2; and from 30°C to 40°C, it was 
ids. 

Butterfield and Wattie (6) com- 
pared the bactericidal efficiencies of 
chloramine upon Escherichia, Eber- 
thella, Aerobacter, Pseudomonas and 
Shigella at varying pH values and for 
two temperature ranges: 20—25°C and 
2-6°C. 

At the lower temperature roughly 
nine times as much time is required 
to produce 100 per cent kill as at 
20-25°C. 

Both combined available chlorine 
and free available chlorine kill more 
slowly as temperatures decline. Ac- 
cording to Butterfield (7), roughly 
two and a half times the concentration 
of combined available chlorine is re- 
quired for comparable rates of kill at 
4°C as at 22°C, at pH 7.0. At pH 
8.5, however, about one and a half 
times as much combined available chlo- 
rine is required at 4°C as at 22°C. 

The effect of temperature upon the 
action of free available chlorine in the 
pH range 7.0 to 8.5 is not marked. At 
pH values of more than 8.5, free avail- 
able chlorine at 22°C is more active 
than at 4°C. At pH 9.8, about seven 
times as much is required to disinfect 
at 4°C as at 22°C, and at pH 10.7 
about three times the 22°C level is re- 
quired for disinfection at 4°C. 


Algae Growth 

If customers receive warmer water 
as a result of heating the source, it is 
reasonably certain that they will com- 


* Under these conditions chlorine exists 
as chloramines. 
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plain of unpleasant tastes and odor 
more frequently. There is almost uni- 
versal preference for cold drinking 
water in this country; it is artificially 
chilled to make it more acceptable. 

It is commonly believed that growth 
of odor-producing algae is stimulated 
by warm-water temperatures. This is 
a considerable oversimplification and 
not strictly true. The sequence of 
algal development in impoundments is 
determined by seasonal factors, of 
which temperature is one. 

Algae of various species are found 
in surface waters throughout the year ; 
the density of the total algal popula- 
tion is determined primarily by the 
light intensity, the length of the light 
day, and available nutrients. Never- 
theless, there appears to be a popula- 
tion complex that is characteristic of 
temperature ranges. 

Smith (8) states the general princi- 
ples as follows: 


Temperature rarely plays a direct role 
in the acclimatization of algae in new lo- 
calities but it has a very important effect 
in its acceleration or retardation of 
growth and reproduction. Under excep- 
tional conditions, as in thermal algae and 
the cryovegetation, the temperature of the 
habitat restricts the algal population to 
certain species. A few algae, as Hydru- 
rus, are found in very cold waters, but 
in most cases temperature is not a factor 
determining the nature of the algal flora, 
as most species are able to develop if other 
conditions are favorable. 

Temperature is probably the limiting 
factor for the algae restricted to tropical 
and subtropical regions. This is shown 
by the known cases where tropical algae 
have been introduced into colder regions 
and where they developed luxuriantly the 
first summer but were unable to over- 
winter in the colder climate. 


Water works manuals and sanitary 
ngineering texts are inclined to be 
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dogmatic in their descriptions of the 
seasonal variations in algae found in 
surface sources. The view, derived 
largely from limited New England ex- 
perience, is that diatoms dominate 
during the cold winter and spring 
months, that the true green algae re- 
place them as the temperature rises, 
and that blue-green algae take over at 
the higher temperatures of summer- 
time. This view has been promulgated 
by the sales literature of copper sulfate 
and chlorine algae control methods; it 
appears to have originated from New 
York City reservoir experience. 

Although diatoms and _ blue-green 
algae occur at all times of the year, 
there is a general dominance of di- 
atoms during the colder seasons and 
of blue-green algae during the warmer. 
Hale (9%) points out that diatoms favor 
10-60°F, and blue-greens 60—-80°F. 
This experience grows from observa- 
tions of New York City reservoirs. It 
is notable that other taste-producing 
organisms, particularly the Chryso- 
phyceae, produce severe taste and odor 
problems at irregular intervals. 

The text most commonly used by 
sanitary engineers, Whipple’s Micros- 
opy of Drinking Water (10), states: 

The grass—green algae are most abund- 
nt in water supplies during the summer. 
‘hey are seldom found in winter. The 
urve of their development is more nearly 
arallel to the curve of water tempera- 
tures than that of any other class of or- 
anisms. The maximum growth occurs 
sually in July or August, though the 
evelopment of some genera culminates 
s early as June and that of others as 
ate as September or even October. The 
ate growths are usually associated with 
he phenomenon of stagnation. 

The optimum temperature for the dif- 
erent genera is not known. It seems 
robable that most of the common forms 
re able to grow vigorously between 60° 
nd 80°F if their food supply is favor- 
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able and the light is sufficient. It is pos- 
sible for some of the green algae to be- 
come accustomed to considerable ex- 
tremes of heat or cold. 
valis is found in the arctic regions, and 
Tribonema has been observed in water 
at a temperature of 115°F. 

The seasonal distribution of the Cyano- 
phyceae (blue-greens) is similar to that 
of the Chlorophyceae, but as a rule the 
maximum growth occurs a little later in 
the season. The blue-green algae seem 
to be attuned to a slightly higher tem- 
perature than the grass-green organ- 
isms and to a considerably higher tem- 
perature than the diatoms. They often 
show a great increase after a period of 
hot weather. 

Anabaena, Clathrocystis, and Coelo- 
Sphaerium seldom give ary trouble un- 
less the temperature of the water is more 
than 70°F. This explains why excessive 
growths of blue-green algae rarely occur 
in England where even in summer the 
surface water seldom reaches so high a 


temperature. 
Aphanizomenon is more tolerant of 
temperature conditions. It apparently 


prefers colder water than most of the 
Cyanophyceae. In some ponds it is pres- 
ent throughout the entire year, even 
when the surface is frozen. On one oc- 
casion it grew under the ice in Laurel 
Lake, Fitzwilliam, N.H., and became 
frozen into ice to such an extent the 
ice cutters were alarmed by the green 
color imparted by the ice. In Lake 
Cochituate, Aphanizomenon reaches its 
greatest gowth in the autumn. 


Temperature and Flocculation 


Rises in temperature are reflected 
strikingly by seasonal differences of 
filter performance. It should be ex- 
pected that artificial heating of the 
raw-water source, if the effects actu- 
ally extend to the filter intake, should 
have the effect of extending the period 
of summer-type performance, and de- 
creasing the interval of winter-type 
performance. 
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As water temperatures rise, the 
density and viscosity of the fluid de- 
creases. Temperature experience from 
seasonal operation data must also in- 
clude other water quality factors, 
though most textbooks regard tem- 
perature as dominating. The most 
recent text (77) on water treatment 


design states the relation as follows: 


The efficiency and effectiveness of floc- 
culation and of filtration of floc-bearing 
water rises with rising temperatures. At 
low temperatures the floc forms more 
slowly and is finer because of the greater 


viscosity and shearing action of turbu- 


TABLE 2 


Alum Required at Varying Temperatures to 
Produce Satisfactory Flocculation 
at 300-ppm Turbidity 


Alum Requirements Temperature 


* Based on a graph of Stanley and Ruthrauff (/4). 
lent, cooler water. Fine floc particles 
penetrate further into the filter bed to 
decrease the mechanical efficiency of the 
filter. 


All other conditions being equal, a 
rise in temperature should produce 
coarser floc and yield higher filtering 
rates. 

The rate of flow through filter sand 
in the usual ranges of porosities under 
constant head may be expected to rise 
approximately 6 per cent per 5°F tem- 
perature rise. 

Lawrence (1/2) stated that rising 
temperatures, by themselves, should be 
expected to require higher backwash 
rates. Warming water in the range 
above 4°C reduces its viscosity and 


density, and expansion of sand for any 
given backwash rate decreases as tem- 
peratures rise. Seasonal variations in 
backwash rate requirements are rec- 
ognized by operators. 

There is some disagreement in the 
analysis of the effects of temperature 
upon coagulation and flocculation effi- 
ciencies. Texts commonly state that 
flocculation is more effective and more 
satisfactory at higher temperatures, 
and this seems to represent operating 
opinion. 


TABLE 3 


Alum Required at Varying Temperatures to 
Treat Water to 20-ppm Color Level * 


Alum Concentration-ppm 
Temperature | 
Artificially 
Controlled 
Temperature 


Natural 
Temperature 


18.9 
19.8 
21.0 
24.1 
27.7 


14.7 
15.7 
18.9 
24.1 
30.8 
34.9 


* Based on a Figure of Velz (16). 


Willcomb (73) states that 


Generally speaking, the lower the tem- 
perature of the water, the more retarded 
the chemical reaction and consequent 
floc formation. As a result of the in- 
creased viscosity of the water and 
changed surface tension of the flocs 
themselves, the particles resist coalescing 
tendencies and consequently require pro- 
longed agitation to increase the size of 
the flocs so that they will settle out. 


Practical observations must neces- 
sarily include all other seasonable 
variations in water quality, including 
fluctuations in turbidity, color, hard- 
ness, and organic content. The views 
of Stanley and Ruthrauff (74), de- 
rived from Decatur experience, stem 


10 
4.7 11-15°C 
42.8 21-25°C CO 
41.0 26-30°C 
| 
| 


at 
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from meeting conditions of relatively 
high turbidity, and though they are 
often cited to demonstrate the effect 
of temperature upon flocculation, it is 
apparent that the high turbidities in- 
volved do not apply to many waters. 

An analysis of 4 years of records 
from Decatur, IIL, marked 
relation between temperature and 
alum doses required for satisfactory 
flocculation. At moderate (50 ppm) 
turbidities the alum requirement at 


shows a 


0-5°C was about 25 per cent higher 
than at 20-30°C. At high (200-400 
ppm) turbidities, almost double the 


quantity of alum was required for floc- 
culation in the lower temperature 
range. The differences in the upper 
temperature ranges are not as marked 
as those that occur in the lower tem- 
perature range. Table 2 gives the rela- 
tive amounts of alum required at 300- 
ppm turbidity. 

At turbidities less than 200 ppm, 
the effects of temperature in the range 
16-30°C overlap and vanish (14). 

Experimental work in which waters 
of controlled quality were flocculated 
at varying temperatures have led to 
conflicting results, largely through 
failure to recognize related variables. 

Leipold (15) adjusted samples of 
Lake Michigan water of low turbidity 
(12-20 ppm) and pH 7.9 to tempera- 
tures of 36, 45, 55, 65, and 75°F. 
All of these samples showed satisfac- 
tory floc formation at 17.1-ppm doses 
and under standard laboratory stirring 
conditions. He concluded that tem- 
perature had no effect upon coagulation 
and flocculation. Relatively long (30 
min) stirring times were used, however. 

A dissenting view that has influ- 
enced the literature was entered by 
Velz (16) in 1934. He distinguished 
seasonal variations in require- 
ment of experimentally treated surface 

ters from a northern New Jersey 


supply. He pointed out that the efh- 
ciency of color removal by alum de- 
clined with rising temperature. He 
checked these impressions experi- 
mentally with jar tests. 

These findings demonstrated that an 
increased alum requirement was needed 
to treat waters to a standard 20-ppm 
color level. Table 3, which summarizes 
these conclusions, features two sets of 
figures—one for natural temperatures 
and the other for artificially controlled 
temperatures. 

In these waters Velz found a posi- 
tive relationship between the time of 
floc appearance and color removal at 
fixed alum dosages. As the tempera- 
ture rose the floc formed more slowly 
and less color was ultimately removed. 

The detrimental effects of rising 
temperature could be greatly reduced 
or eliminated by adjustment of the 
pH. At summer temperatures of 20 
to 25°C, optimum pH ranges below 
5.8; in winter, at 8° to 14°C, the opti- 
mum pH was near 6.7. 

Velz’s findings with alum floccula- 
tion may actually demonstrate what 
later investigators have shown; that 
the isoelectric point of the flocculating 
system shifts drastically with tempera- 
ture. Velz’s comments include this 
possibility, pointed out by Camp, that 
lower pH must be maintained for cold 
water flocculation. 

Camp’s studies with ferrous sulfate 
flocculation (177) show that effects on 
flocculation attributed to temperature 
may in reality be effects due to shift- 
ing of the isoelectric pH value with 
temperature. When optimum pH 
ranges are maintained, his laboratory 
tests showed no significant differences 
in the time of floc formation resulting 
from temperature alone. The optimum 
condition for flocculation is determined 
by three variables: the iron-alum dose, 
the pH, and the temperature. a 
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Summary 


It does not appear that waste heat 
dissipation into raw water sources will 
in itself present problems that cannot 
be solved by existing methods. 
more significant changes are likely to 
rise from the development of indus- 
tries and communities associated with 
the new power sources. Coal-burning 
power plants produce some industrial 
type wastes. These include coal fines 
washed from coal storage, extractives 
from bunker oil used to stabilize coal 
piles, sulfuric acid from oxidized coal- 
borne sulfur, fly ash and blowdown 
solids, extractives from ash storage, 
and chemicals from water-conditioning 
operations. These may affect water 
quality in several ways; the most obvi- 
ous is the addition of phenolic type 
organic materials. The mineral solu- 
ble fractions add hardness and sulfates, 
and extractives from ash storage yield 
increased alkalinity. The construction 
of a large power plant represents an 
industrial operation of considerable 
magnitude in itself requiring some as- 
sessment. These are details that 
should be examined in each special 
case. 

The growth of the industrial com- 
munity is inevitable. This will im- 
pose more exacting requirements for 
technical resourcefulness and alertness. 
The problems of producing good water 
from heavily industrialized and popu- 
lated watersheds will be discussed 
more frequently in the future. 
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tem, Houston, Tex. 
MPHE purification plant of the San 
Jacinto Water System of Hous- 
ton, Tex. handles water from Lake 
Houston ; this water, of low mineral 
content and hardness, requires only 
conventional treatment, except for the 
occasional use of activated carbon for 
taste and odor control. Almost 3 
years of operation have provided the 
opportunity for noting some details 
worth using in new plant construction, 
some additions that could be made, 
and other points that would be omitted. 


Points of Value 

The following are some of the points 
which were found valuable. Terrazzo 
and rubber tile floors with tiled walls 
materially reduced janitorial work. 
An assembly room fully equipped with 
chairs, tables, blackboards, and a pro- 
jector—one of the most useful rooms 
in the plant—has served in the train- 
ing of operators, in first-aid training, 
as a conference room, and also as a 
meeting room for civic groups such as 
women’s clubs, engineering clubs, and 
similar organizations. 

A kitchen and coffee bar in the plant 
proper have proved very satisfactory. 
The kitchen is equipped with an elec- 
tric oven, electric stove, dishwasher, 
garbage disposal unit, refrigerator, 
and, of course, a 48-cup coffee maker. 
These facilities have been used exten- 
sively because the nearest place where 
these services are available is more 
than 2 miles from the plant. Night 
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the cooking of complete meals. Two. 
soft drink dispensing machines are also _ 
provided. 

The provision in the contract and 
specifications that each manufacturer 
furnish a factory representative to in- 
spect and check equipment every 3 
months for the first year of use has 


tures employed in the construction of 
the plant. Manufacturers’ representa- 
tives were requested—and complied — 
with the suggestion—to pull no 
punches in criticism of the operation 
and maintenance of their equipment. — 
This has been one of the very bene- 
ficial services provided by the various 
manufacturers. 

Another item in the contract pro- _ 
vided that spare parts be supplied for _ 
motors, gears, chains, sprockets, and 
bearings for some equipment. This 
has helped very much in equipment 
maintenance. 

The inclusion of six 100-lb bottles of © 
CO, for the emergency operation of 
the four 6,000-Ib per day compressed-— 
air chlorinators was wise. During _ 
mechanical or electrical failure, chlo- 
rinators were kept in operation with 
the bottled CO,. It was found that — 
one bottle operated the chlorinators — 
for about 4 hours. : 

The installation of monorail cranes, 
gantrys, and other heavy lifting de- 
vices helped the contractor during 
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construction and the operators after 
completion. Cranes have facilitated 
removal of valves, motors, piping, and 
other heavy equipment and have short- 
ened repair time. 

The generous use of mechanical cou- 
plings in the steel pipe in the plant has 
made it possible to make repairs on 
valves, automatic control equipment, 
and such facilities with a minimum of 
delay and work. 

The use of butterfly valves in pipes 
throughout the plant has been satisfac- 
tory on all low-pressure lines. None 
of the valves, however, was installed 
on high-pressure lines at the time the 
plant was constructed. 

Provision for severa) points of appli- 
cation of chemicals throughout the 
plant has been a great help in the 
proper treatment of the water. For 
example, the points of chlorine applica- 
tion, installed when the plant was con- 
structed, include raw water, filter in- 
fluent, filter effluent, and the distribu- 
tion pump suction as the water is 
pumped into the system. 

There are about 38 indicating and 
recording instruments, all operated by 
means of about 100 miles of instru- 
mentation wiring. The four panels 
were so constructed that workmen 
making repairs to instruments have 
sufficient room and light for inspection 
and repair. 

At the time the plant was being 
planned, the local telephone company 
was requested to confer on the best 
method of intraplant communication. 
On its recommendation, three trunk 
lines from the local exchange enter the 
plant, which has 20 telephones. The 
telephones within the plant are of the 
automatic dial type and require fewer 
personnel for maintenance and opera- 
tion. Other communication systems 
include intercommunication devices 
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which connect key points in the plant 
and over which 2-way conversations 
can be carried on. This has been of 
value particularly during periods 
when the local telephone system has 
been out of operation. Other methods 
of communication in the plant include 
a public address speaker (on top of 
the 3-story chemical building) with 
which persons away from telephones 
can be paged. Short-wave radio in 
cars and trucks is used to keep in 
touch with maintenance personnel who 
may be working several miles from 
the plant. This short-wave radio uses 
the same frequency as the one used at 
the Lake Houston Dam some 15 miles 
away, and the one in the city distribu- 
tion system maintenance base, down- 
town—also some 15 miles away. 


Additions 


There are several additions that ex- 
perience has shown would be of con- 
siderable value. One of these would 
be the installation of a_ pressure- 
reducing valve in the plant’s service 
line so that none of the equipment 
would operate at pressures greater 
than 75 psi. The normal! discharge 
pressure (because of the plant’s dis- 
tance from the city’s distribution sys- 
tem) is 95-100 psi, and it has been 
found that this did extensive damage 
to chemical feeders, chlorinators and 
other equipment. 

Excess  air-compressor capacity 
would be useful because of the diffi- 
culty involved and time consumed in 
locating leaks in air lines, stuffing 
boxes, and other places. Mechanical 
mixing devices should be provided 
wherever chemicals are mixed, par- 
ticularly where lime is used. It would 
be useful, too, to equip sedimentation 
basins for complete sludge removal, 
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even though this equipment might not 
have to be used at all times. It was 
found that, during certain conditions, 
full-scale sludge removal equipment is 
a necessity. 

It is believed that any plant located 
15 or more miles from the downtown 
section of a city should have included 
in the original plan a bunk room for 
plant personnel and manufacturers’ 
representatives for use while the plant 
is being constructed and put into op- 
eration. Such a bunk room, with 
double or triple bunks, and equipped 
with a small living room and very lim- 
ited cooking facilities, would have 
saved many dollars both for the city 
and the manufacturers’ representatives. 
It is a commonplace that in installing 
new equipment, the failures usually 
occur at other than daylight hours. 

Some mechanical or electrical means 
of lifting the gates from the rapid mix 
to the flocculators and from the sedi- 
mentation basins to the filters would 
also be provided. Hand-operated 
valves require much labor and time in 
their manipulation. 

The optimum point of application 
for prechlorination of the raw water 
should be 30-60 sec ahead of the ap- 
plication of any coagulant and not 10 
sec, which is the case in the present 
plant. 

The gates controlling the water en- 
tering the flocculator basins should not 
be located immediately in front of 
weirs, and the weirs should be so ar- 
ranged that the water falls into water 
in the flocculator basins and not first 
onto a concrete ledge and then into 
the flocculator mixing basin. It was 
found that turning the angle iron al- 
lowed a free fall of the chemically 
mixed water into the mixing basins 
and saved 75 cents per million gallons, 
or about $5,300 per year in this plant. 
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Another useful addition would be a 
large-capacity water heater for use in 
the slaking of low-temperature quick- 
lime which is now available from sev- 
eral suppliers. A large amount of the 
quicklime available is of relatively low 
natural slaking temperature and cannot 
be fed with modern chemical feed 
equipment. This is of particular im- 
portance where lime is added after 
filtration and must be thoroughly 
dissolved. 

An electrical shop would be added 
to the present instrument repair shop, 
paint shop, and general mechanics’ 
workshop. The instrument repair shop 
should be air conditioned, if possible, 
because most of the work done there 
involves handling of smali, delicate 
parts whose repair is hampered by the 
corrosive effect of moisture. 

A place for the storage of lubricat- 
ing oils, greases, kerosene, and gaso- 
line should be provided in a separate 
building to avoid damage to the plant 


in case of explosion or fire. 
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Details to Avoid 


The following points in the design of 
the plant were found to be unsatisfac- 
tory and would be avoided in future 
construction. Chemical elevators and 
conveyors that were not equipped with 
watertight covers would not be in- 
stalled, and, in automatically con- 
trolled equipment, the operation of one 
manufacturer’s equipment an- 
other’s transmitter would be avoided. 

Instrumentation equipment that op- 
erates on a fraction of a second zero 
signal would not be used because this 
requires an electric timer for proper 
adjustment and maintenance. One in- 
strumentation circuit in the Houston 
plant operates on 0.375 sec zero signal, 
and a stop watch is of absolutely no 
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value in its adjustment. It has been 
found that the 15-sec interval for trans- 
mitters and receivers is satisfactory. 

All transmitters and receivers in 
any future instrument and automatic 
filter control would be slightly ener- 
gized with air pressure even when set 
at zero. This makes for much easier 
adjustment of equipment when not in 
operation. 

The installation of power circuits in 
the same manholes as instrumentation 
wiring would be avoided because such 
an arrangement makes it possible for 
power circuit failure to burn out in- 
strumentation wiring, and possibly the 
equipment also. 

Serious consideration should be 
given to avoiding the placement of 
power and other electrical wiring 
underground. It is possible that such 
wiring could be laid underneath cov- 
ered sidewalks in baskets where all 
wiring would be accessible. If the 
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Board of Underwriters were to object 
to such an arrangement, then this 
wiring could be placed in tunnels 
where workmen could easily make 
repairs. 

Where direct current is used for 
instrumentation and other purposes, 
cathodic protection equipment should 
be included. 

Large valves frequently used (as on 
filter equipment) should be hydrauli- 
cally and not pneumatically operated, 
because a water leak is more easily 
located and repaired than an air leak. 

Cork flooring should not be used 
for conference or assembly rooms as 
it is most difficult to maintain. 

Concrete floor slabs in each of the 
three sedimentation basins have re- 
sulted in considerable troublesome 
leakage. Because repairs on these 
basins have not been completed, no 
suggestions for avoidance are yet 
available. 
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LARGE number of water plant 
laboratories are using permanent 


uring the concentration of fluorides, 
but also for determining many other 
substances ordinarily found in water. 
One reason for this widespread ac- 
ceptance is the fact that the kits pro- 
vide a previously prepared and rela- 
tively stable color standard for the con- 
centrations ordinarily encountered. In 
addition, the procedures for testing the 
sample are generally simple and the 
instruments and reagents are inexpen- 
sive when compared with other labora- 
tory methods. Many communities 
which have adopted controlled fluorida- 
tion, and particularly those with no 
water works laboratories, are using kits 
which are produced by either of two 
manufacturers.* 

The manufacturers of the permanent 
color standard kits have specified pro- 
cedures for obtaining results of an accu- 
racy (0.10 mg/l) comparable to that 
indicated to be obtainable by using 
techniques described in Standard Meth- 
ods (1). Deviations from specified 
procedures result in inaccuracies or, at 

* These manufacturers are the Hellige 
Company, Inc., Garden City, N.Y., whose kit 
will be referred to in this article as Kit A, 
and the W. A. Taylor Company, Baltimore, 
Md., whose kit is designated Kit B. 


Study of Permanent Color Comparators 
for Fluorides 


Task Group Report 


A report made under the jurisdiction of Task Group 2620 P—Fluori- 
dation Materials and Methods by Robert S. Phillips, L. A. 
Ray L. Derby, and Frank §. Taylor, under the chairmanship of Franz 
J. Maier, San. Engr. Director, US Public Health Service, Bethesda, 


Smith, 


complete inability to match 
Possibly because of failure to 
observe the manufacturers’ directions, 
many water plant operators and ana- 
lysts have criticized the performance of 
these kits. Asa result of its 1954 sur- 
vey on the use of Kits A and B, Task 
Group 2620 P reported (2): 


Several states indicate that results ob- 
tained from either set will vary because 
of variations in strength of reagents, one 
state reporting deviations up to 0.7 ppm. 
Another state reports both kits are sub- 
ject to temperature variations and give 
results as much as 0.5 ppm higher than 
actual concentration in hot weather. 


wors 
colors. 


Because of these problems and re- 
ports, a detailed study of fluoride kits 
was undertaken to determine if the kits 
are accurate to 0.10 mg/I fluoride when 
used under operating conditions which 
prevail in water works laboratories. It 
was considered equally important to 
determine those factors which could 
produce an error in excess of 0.10 mg/I 
fluoride. 
Procedure 


The AWWA furnished new instru- 
ments, slides, disks, and reagents from 
both kits, and these were received at 
all laboratories at approximately the 
same time. The instruments were as- 
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sembled according to the manufactur- 
ers’ recommendations and the reagents 
were prepared, divided, and stored as 
specified on the form shown in Fig. 1. 

The reagent of Kit A was investi- 
gated under four different conditions of 
preparation and storage: 

1. The single reagent was mixed at 
the manufacturer’s plant and, when re- 
ceived by the various participating labo- 
ratories, was stored “refrigerated and 
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the manufacturer’s directions, men- 
tioned above: “refrigerated and pro- 
tected from light.” 

3. The second portion of reagent was 
stored at room temperature in daylight 
but not in direct sunlight. 

4. The third portion was stored at 
room temperature in the dark. 


The reagent of Kit B was tested 
of 


under the following conditions 


preparation and storage : 


protected from light” according to the 
manufacturer's directions. 

2. Solutions of zirconium oxychloride, 
sodium alizarin monosulfonate, and 
acid dilutions were received, mixed ac- 
cording to directions, and divided into 
three portions. (The manufacturer 
provides the ingredients of the reagent 
so that it can be made up as required. ) 
One portion was stored according to 
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Length of Storage 
Fig. 2. Effect of Reagent Storage on Accuracy of Kit A 


Numbers 1-4 represent the correspondingly numbered condi- 
tions of preparation and storage of the reagent referred to in 
the text. 


months 


1. The mixed reagent as received 
was, as recommended by the manufac- 
turer, “kept in a cool place protected 
from direct sunlight and contamination 
... (Storage in a refrigerator may 
help to increase its useful life.)” 

2. The mixed reagent as received 
was stored at room temperature in day- 
light but not in direct sunlight. 

3. The mixed reagent as received 
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Fig. 3. Effect of Reaction Temperature on Accuracy of Kit A 


. _ Numbers 1-6 represent age of reagent (in months) at time of 
test. 


Error — milligrams fluoride per liter 
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Effect of Reaction Time on Accuracy of Kit A 


Fig. 4. 


Numbers 1-6 represent age of reagent (in months) at time of 
test. 
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A pr. 1957 PERMANENT 
was stored at room temperature in the 
dark. 

4. The mixed reagent as received 
was stored as in Condition 1 above and 
used in the instrument without the il- 
luminator—that is, the readings were 
made using the natural light available 
at a window. 

In each of three successive samples 
on both kits the first was run undiluted, 
the second was diluted one-half, and the 


COLOR COMPARATORS FOR FLUORIDES a i 


421 


cernible change in error at the end of 
13 months. 

The procedure was standardized as 
closely as possible for the various par- 
ticipating laboratories. The water 
samples tested were those being rou- 
tinely examined. All water supplies 
involved employed controlled fluorida- 
tion, except in Los Angeles where the 
natural fluoride content is sufficiently 
high. Each sample required a volume 


Error 


Fig. 5. 


diluted one-fourth. This was 
done in order to assess the extent of 
variation from Standard Methods read- 
ings as concentrations changed and as 
storage conditions varied. 

The laboratory study started in De- 
cember 1955 in most of the participat- 
ing laboratories and the first part of 
the work ended in May 1956. A study 
to determine the useful life of the Kit A 
reagent is continuing; there is no dis- 
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Fluoride Ranges 


Relation of Error and Fluoride Range to Condition of 
Reagent for Kit A 


Numbers 1-4 refer to correspondingly numbered conditions of — 
preparation and storage of reagent in text. 


of at least 700 ml, which was collected 
in one container, mixed, dechlorinated 
if necessary, and divided into the por- 
tions as shown on the reporting form. 
(Sodium arsenite was used in dechlo- 
rination as specified in Standard 
Methods.) 

The dechlorinated sample was then 
divided into at least one 100-ml portion 
and twelve 50-ml portions. Those por- 
tions used for temperature evaluation 
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were brought to the required tempera- 
tures. The single portion needed for 
the “time” reading generally was the 
one prepared for the 25°C temperature 
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Generally, each laboratory completed 
the preparation of one form each 
month. This represented the examina- 
tion of twelve samples monthly, with 


tests. The fluoride standards for use ten readings made on each sample, 
| with the Standard Methods Scott- using both Kit A and Kit B procedures. 
= ah Sanchis or Lamar reagent were set up It also included at least one sample (for 
at 0.05 mg/l intervals on either side of each of the twelve ) measured according 
7 the estimated fluoride content of the to the visual Standard Methods tech- 
; = sample. The reagent used for this pur- nique preferred by the laboratory. 
03 
| 
: 
& 02 ail 
3 
E 
Ol} 
1 2 3 4 5 
a Length of Storage — months 
Fig. 6. Effect of Reagent Storage on Accuracy of Kit B 
— Numbers 1-4 represent the correspondingly numbered condi- 
: tions of preparation and storage of the reagent referred to in 
> the text. 
pose was prepared in each laboratory In calculating the average error o 
and stored as specified in Standard the readings, the gross error of eacl 
_ Methods. analysis was computed by obtaining th 
As shown on the form in Fig. 1, the difference between the Standard Meth 
_ samples were examined at various ods result and that obtained with eacl 
times (+2 min) and temperatures kit. The data plotted (Fig. 2-7) ar 
(+1°C). Water baths were used to arithmetical averages of these error 
i 7 - maintain these temperatures during the without respect to sign. With Kit B 
- =f _ reaction. The manufacturers’ recom- whenever a sample produced a colo 
1 os mended reaction times, temperatures, representing a value of fluoride les 
and quantiy of sample are also shown _ than zero, its value was taken as zer« 
; on the form (Fig. 1). for calculation purposes. 
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Results—Kit A 

Kit A almost always showed a posi- 
tive error—that is, when the water sam- 
ple contained 1.0 mg/1 fluoride, it ordi- 
narily gave a reading higher than 1.0 
mg/l. Figure 2 shows that, despite 
the age of the reagents, the error is well 
within 0.10 mg/l, except when using 
the reagent mixed by the manufacturer. 
Better results are obtained with the re- 
agent prepared by the laboratories with 
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tected between the age of the reagent 
and the reaction temperature. 

Figure 4 indicates that the duration 
of the reaction should exceed 60 min. 
There is a very slight tendency for the 


error to decrease as the reaction time _ 


is increased (up to 90 min). There 
does not appear to be any loss of accu- 
racy as the reagent life is extended to 
at least 6 months. 

Figure 5 portrays graphically the 


Error — milligrams fluoride per liter 


30 45 


60 75 90 


a Time — minutes J 


‘e Fig. 7. Effect of Reaction Time on Accuracy of Kit B 


Numbers 1-6 represent age of reagent (in months) at time of 
test. 


ingredients supplied by the manufac- 
turer. Various storage temperatures 
and storage in darkness or daylight had 
no apparent effect on the reagent. 
Figure 3 shows that the optimum 
reaction temperature is between 15°C 
and 25°C. Little difference in error 
can be detected by using any more pre- 
cise temperature conditions. Beyond 
25°C the amount of error increases 
rapidly. No correlation could be de- 


mit the reaction to continue 60—90 


relation of error to fluoride range, as 
well as the effects of the various storage 
conditions within each range. Only a 
very slight difference in error can be 
observed between the ranges. 

The following recommendations and 
conclusions for Kit A are based on the 
results obtained in this study. 

1. The specifications for the use of 
the reagent might be changed to per- 
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min, if desired, at a temperature be- 


tween 15°C and 25°C. The best com- 
bination should be determined by the 
manufacturer. 

2. If these specifications are followed, 
_ the average error (reading higher than 

the actual fluoride content) should be 

less than 0.1 mg/I fluoride. 

3. Greater accuracy is obtained when 

- the reagents are mixed by the user. 
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temperature, the error was negative. 
When the water sample actually con- 
tained 1.0 mg/! fluoride, the reading 
was less than 1.0 mg/l. Figure 6 indi- 
cates the average error under all stor- 
age conditions and light sources. 
There does not appear to be a signifi- 
cant difference in the error caused by 
these factors. In addition, the age of 
the reagent has no significant effect on 
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7 Fig. 8. Effect of Reaction Temperature on Accuracy of Kit B 


Numbers 1-6 represent age of reagent (in months) at time of 


4. No differences are demonstrated 
with reagents stored in the dark, in 
light, in a refrigerator, or at room 
temperatures. 

5. The reagent can be used for at 


least 6 months. a 


Results—Kit B 


Results with Kit B were opposite 
those obtained with Kit A—that is, in 
almost every reading at any time or 


test. 


the error, which is fairly constant at 
an average of 0.25 mg/l. 

The error in the reading increases 
as the duration of the reaction in- 
creases, as illustrated by the average 
values of Fig. 7. The least error occurs 
between the reaction times of 30 to 45 
min, but even then it is more than 0.20 
mg/l. There appears to be a slight 
improvement in accuracy as the age of 
the reagent increases. 

Figure 8 indicates that this reagent 
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should be used at higher reaction tem- 
peratures because the least error occurs 
between 30°C and 35°C. Here, too, 
the error appears to decrease slightly 
as the age of the reagent increases. 

In Fig. 9 the relation of error to 
fluoride range is shown, as well as the 
effects of the various storage conditions 
within each range. The error appar- 
ently increases with higher fluoride 
values, but this may be misleading be- 
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and at a temperature between 30°C 
and 35°C. 

3. It is doubtful if greater accuracy 
is obtained with the illuminator. The 
difference in errors obtained when 
using light from the illuminator and 
when using natural light is not 
significant. 

4. No differences were observed 
using reagents stored under various 


conditions, whether stored in light or — 


milligrams per liter 


Error 


“xk “4 


Fluor 


Fig. 9. 


mg 


je Ranges 


10.70 mg 


Relation of Error and Fluoride Range to Condition of 


Reagent for Kit B 


Numbers 1-4 refer to correspondingly numbered conditions of 
preparation and storage of reagent in text. 


cause many low samples which read 
less than zero, were read as zero for 
calculation purposes. 

Conclusions on Kit B, based on data 
trom the study, are as follows: 

1. When the manufacturer’s specifi- 
cations are followed, the error is found 
to exceed the Standard Methods limit 
of 0.1 mg/I fluoride. 

2. The least error occurs when the 
reaction time is between 30 and 45 min, 


dark, refrigerated, or kept at room | 


temperature. 

5. In all the participating labora- 
tories there was considerable difficulty 
in matching colors. Sometimes the 


color match was so poor that a value — 


could not be obtained. In addition, 
many of the low-fluoride samples (less 
than 0.4 mg/I fluoride) read less than 
zero so that the actual numerical error 
at these levels could not be obtained. 
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General Conclusions 


On the basis of approximately 4,000 
tests on each type of kit, it was found 
that the accuracy of Kit A is generally 
satisfactory but could be enhanced by 
defining more precisely the conditions 
of operation. Further work might also 
be done to improve the results obtained 
when the premixed reagent is used. 

Kit B, although satisfactory for de- 
tecting gross fluoride feeding errors, 
does. not produce results within the 

standard of accuracy defined by Stand- 
ard Methods. Further work by the 
manufacturer would probably lessen 
this error. 
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es: Installation Methods in Los Angeles—Max K. Socha 


A paper presented by Max K. Socha, Asst. Chief Engr. of Water 
Works, Dept. of Water & Power, Los Angeles, Calif. 


HE physical properties of the vari- 
ous basic plastic materials used for 
piping have been thoroughly described 
by Walter D. Tiedeman (1), whose 
report should be required reading for 
all those interested in plastic pipe for 
water use. 

Experiments and tests of the Los 
Angeles Department of Water and 
Power on plastic pipes date back to 
1951. Although thorough tests were 
made with cellulose acetate butyrate 
and polyethylene, these materials were 
discarded, and in recent years, interests 
have been centered entirely on rigid 
unplasticized polyvinyl chloride tub- 
ing. Pilot installations have been made 
in the l-in. copper tubing size with 
0.10-in. wall thickness at pressures 
ranging from 45 to 150 psi. 

Like other institutions, the depart- 
ment has gone slowly in experimenting 
with new materials. Many years of 
trouble-free life are expected for serv- 
ice pipe buried underground and out 
of sight. With an annual installation 
rate of approximately 20,000 service 
connections, premature adoption of 
new and untried materials on wholesale 
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Panel Discussion 


A panel discussion presented on Oct. 26, 1956, at the California Se 
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numbers of installations would have 
disastrous results. Therefore, much 
time was spent on tests before pilot in- 
stallations were made. 


Early Couplings 


In the first installations of rigid 
PVC tubing in water service connec- 
tions, the material was treated as if it 
had been a rigid iron pipe. Couplings 
were used to join the straight pieces 
of tubing and, with molded elbows, the 
pipe was assembled in the same man- 
ner as an iron pipe installation except 
that rather than threaded connections, 
solvent welding was used. Connec- 
tions to the curb cocks and street main 
cocks, which require a compression 
joint fitting, were made by using an 
18-in. length of tubing preflared at the 
factory. Solvent welded joints re- 
quire a very close fit in order to hold, 
and many failures were encountered 
through blowouts after the water pres- 
sure was applied. This was caused by 
lack of close factory controls of diame- 
ter tolerances, particularly when join- 
ing two cut pieces of straight tubing. 
Moreover, the solvent welded joints, if 
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not fitted tightly, required a delay of 
approximately 4 hr in turning on the 
water pressure, which caused consid- 
erable inconvenience, expense, and de- 


Fig. 1. 


Making Chamfers 


The tool shown is used to make inside 
and outside chamfers on ends of tubing 


torch. 


MAX K. 


Fig. 2. Preparing a Bell-and-Spigot Joint 


The female end, on the left, is being heated with a butane 
The male end, on the right, is being coated with solvent 
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lay in conducting installation opera- 
tions. Although the iron pipe type of 
assembly is still offered by the manu- 
facturers (better manufacturing con- 
trols have been established to eliminate 
the troubles encountered), this method 
of assembly was discarded and new 
methods of assembly developed whereby 
the plastic tubing is treated and as- 
sembled in a similar manner to copper 
tubing. Efforts were made to adapt 
the plastic tubing to established meth- 
ods of installation with the minimum 
use of new or special tools and to avoid 
the obsolesence of standard fittings, 
and valves which must be stocked in 
large inventories. 

On many installations it is necessary 
to join two straight pieces of tubing. 
In order to avoid the use of a coupling, 


several methods were developed. The 


~ 
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first method was a simple butt weld 
which was accomplished by pressing 
the ends of the pipe to be joined 
against a piece of flat steel plate which 
had been heated to a degree at which 
it softened the pipe. The ends of the 
pipe were then butted together and 
quenched with cold water. The 
strength of these joints exceeded the 
bursting strength of the pipe. How- 
ever, this type of joint was used for 
only a very limited number of service 
connections because it was difficult to 
keep the two lengths of pipe in straight 
alignment and because the pressure ap- 
plied in joining the ends of the pipe left 


Fig. 3. Completion of Flaring Op 


a ridge or ring all around the inside 
wall of the pipe. The next method 
used in joining lengths of tubing was 
to bell one end of the pipe to be joined 
by inserting a heated steel forming tool 
inte it. The heat from the tool sof- 
tened the pipe, thus forming the bell 
just large enough to admit the standard 
end of the other piece of pipe. The 
joints are then cemented or welded in 
place by the use of solvent cement. 
This method was very successful but 
has now been discontinued in favor of 
a method which eliminates the use of 
the forming tool. 


Current Methods 


Among current procedures for join- 
ing pieces of plastic pipe is the use of 
a common type reaming tool to pro- 
vide an inside chamfer on the female 
end of the pipe and an outside chamfer 
on the corresponding male end of the 
pipes to be joined (Fig. 1). 

The end of the pipe which is to be 
belled is heated by means of a soft 
flame from a butane torch or regular 
plumber’s torch until it becomes soft. 
Meanwhile, liquid plastic solvent ce- 
ment is applied to the end of the cold 
piece of pipe (Fig. 2). The ends of 


the pipe are then butted together and 
pressure is applied. The chamfered 
ends center the tubing and thus the 
cold end of the pipe becomes a forming 
tool. The unheated pipe is inserted 
without the use of any spreading tool 
to a depth of about 2 in. (Fig. 3). As 
the heated end cools, the natural con- 
traction forms an extremely tight joint. 
The whole operation can be performed 
in approximately 45 sec. 

The flaring of plastic pipe for ball- 
and-socket copper fittings can be done 
in the field by the application of heat 
to the end of the pipe to be flared, and 
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by insertion of a cold-steel forming 
tool similar to that used in flaring cop- 
per tubing (Fig. 4). A skilled work- 
man may perform this operation in 
about 5 sec. 

Rather than using molded elbows 
and other fittings in making long ra- 
dius bends for risers to the meter, a 
flexible metal electrical conduit tubing 
is inserted to the desired length of the 
bend (Fig. 5) for the purpose of pro- 
viding an interior support for the plas- 
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tic tubing (preventing collapse or 
buckling). The pipe is then heated 
throughout the length of the bend and, 
in one quick movement, the bend is 
made (Fig. 6). Several methods of 
heating the pipe are current. Hot 
water may be poured either inside or 
over the outside of the pipe to soften 
properly the plastic material prior to 
bending. Another method is to heat 
the length of tubing with a butane 
torch. The torch method is superior 
because it avoids the danger of scald- 


Fig. 4. Completed Bell-and-Spigot Joint 


The unheated pipe has been inserted to a depth of 2 in. into the 
flared end of the other pipe. 
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ing burns to workmen handling hot 
water. The flexible tubing is removed 
immediately after the bend is made. 
Once the tubing has been cooled— 
either naturally or with the help of 
cold water—it is permanently formed 
into the desired bend (Fig. 5). Skilled 
workmen may perform this operation 
in about 45 sec. 


Installation and Repairs 
The semirigid and resilient charac- 
teristics of plastic pipe have proved to 


be advantageous in service installations 
because, in soils which are free of rocks 
and other obstructions, the pipe may 
easily be pushed from the main line 
tap hole to the curb riser hole under 
the washing effect of hydraulic pres- 
sure, thus eliminating the need for an 
air compressor and drill pipe. After 
the hydraulic operation is completed, 
the pipe is pulled up through the riser 
hole and the riser in the pipe is formed 
by the flexible tubing and heating proc- 


ess which has been previously described. 
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On service connections which require 
pneumatic drilling operations, the 
proper length of riser is formed before 
the pipe is inserted in the drilled hole 
and the pipe is pushed through from 
the riser hole to the main line (the 
reverse of the hydraulic installation). 

When plastic service connection tub- 
ing has been accidentally damaged by 
trenching operations in the street, re- 
pairs can be easily made. Should a 
split or chip-out occur in the wall of 
the tubing, a short piece of tubing of 
sufficient length to cover the damaged 


Fig. 5. 


portion of the pipe is cut. This sleeve 
is then split longitudinally and heated 
sufficiently to soften it so that it may 
be slipped over the damaged pipe. 
Meanwhile, the service pipe is cleaned 
and the portion to be repaired is cov- 
ered all around with solvent cement. 
The repair sleeve is quickly slipped 
over the damaged pipe and held in 
place a few seconds to solvent weld the 
repair sleeve in place. The methods 
used in joining and repairing plastic 
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The flexible conduit is inserted to give internal support to the 
“# pipe prior to bending it. 
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tubing can be easily adapted to the 
removal and reinstallation of sections 
of water service connections when con- 
tractors perform large excavation work 
in the streets where such service con- 
nections crossing the trench interfere 
with their use of excavating equipment. 


Costs 


The use of PVC tubing can effect 
a great saving in cost to a utility. The 
cost of l-in. type K copper tubing in 
July 1956 was 47 cents per foot and 
l-in. PVC plastic tubing 23 cents per 


Flexible Metal Conduit Inserted to Control 
Long Radius Bend 


foot, a saving of 24 cents per foot, or 
approximately 50 per cent. The Los 
Angeles Department of Water and 
Power utilizes approximately 400,000 
ft of l-in. tubing per year. If plastic 
tubing were used exclusively for service 
connections, a saving of approximately 
$100,000 a year would be accomplished 
on material costs alone. Insufficient 
experience with installations precludes 
determining accurately the saving in 
labor cost of installation. It is be- 
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lieved, however, that such will be sub- 
stantially lower than conventional 
methods of installing either galvanized 
iron pipe or copper service connections. 

Precautions 

Although present experience indi- 
cates an advantage in installing plastic 
service connections, certain precautions 
should be taken by those intending to 
do so. Accurate records are neces- 


sary as the plastic tubing cannot be 
located with a conventional electronic 
Therefore, the service 


pipe locator. 


must be installed directly from the 
main to the meter, as the meter will be 
the only visible indicator of the service 
connection location. If plastic tubing 
is used commonly for house connec- 
tions as well as the utility service con- 
nections, some problems of electrical 
grounding may be encountered depend- 
ing upon soil conditions and_ local 
building codes. Failures may occur if 
strains are placed in the tubing through 
misalignment. Permanent deformation 
or bends should be made only after 
heating to secure a permanent set with- 


out strain. —s 


7 Fig. 6. Completed Long Radius Bend and Riser 


After the flexible conduit was inserted and heat applied to the 
pipe, the bend was made with one rapid motion. 
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The Los Angeles Department of 
Water and Power has not yet adopted 
plastic tubing for universal use within 
its system, but it is expected that 
experience will lead to greater use. 
There are limitations to shop testing 
and experiments with plastic tubing, 
and its true useful life can only be 
determined after long periods of serv- 
ice. In the meantime, substantial sav- 
ings in installation costs may be lost 
unless a pioneering spirit is developed 
by water works operators and some 
calculated risks are taken. 
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ods of installation of the plastic tubing 
were conducted under the direction of 
Carl Johnson, Field Superintendent. 
Much credit is due these individuals for 
their initiative and ingenuity in con- 
ducting these operations. 


This article may be considered a 
progress report or a supplement to one 
which appeared originally in the Jour- 
NAL (1). This article concluded: 


Although plastic tubing for water serv- 
ices looks very promising, only time will 
determine the extent of its usefulness. 


Four years have elapsed since this 
prediction—time enough to express a 
measure of experience acquired. The 
Pacific Gas and Electric Company has 
nineteen domestic water systems (Table 
1). The locations of the systems vary 
greatly so that the soils have an equally 
large variation. Towns lying in the 
foothills of the Sierra Nevada, for ex- 
ample, have water emanating from 
granite watersheds. Towns lying in a 
valley will have water passing through 
various soils. 

Starting in 1951, 1,413 plastic pipe 
services were installed. The number 
of those originally installed and those 
still in use is given in Table 2. The 
material used was cellulose acetate 
butyrate, mostly }-in. copper tubing 
size, but with some 1-in. 14-in., and 
2-in. specimens. Actual dimensions of 
the }-in. pipe were: ID—O.735 in.; 
OD—0.855 in.; and wall thickness— 
0.060 in. 

By comparison, }-in. nominal cop- 
per tubing is 0.875-in. OD. It must 
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A paper presented by John N. Spaulding, Gen. Supt. of Water Sys- 
tems, Pacific Gas & Elec. Co., San Francisco, Calif. 
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be kept in mind that all standard water 
service fittings are made in either iron 
size or copper tubing size. 

Copper tubing, Type K, #-in. in size, 
costs 36¢ per foot. Butyrate tubing of 
the same size costs 12¢ per foot. The 
average service is about 30 ft long, so 
that, provided that the same fittings 
are used in both types of services, the 


TABLE 1 


Pacific Gas and Electric Company a 7 
Systems in California 


System | 
Amador City | 55 surface 
Angels Camp 588 surface 
Auburn 1,802 surface 
Avenal 1,284 wells 
Colfax 378 surface 
Ione 372 surface 
Jamestown 296 surface 
King City 819 wells 
Loomis 181 surface 
Newcastle 149 surface 
Rocklin 412 surface 
Salinas 7,375 wells 
Selma 2,247 wells 
Sonora 1,255 surface 
Sutter Creek 430 surface 
Sutter Hill 41 surface 
Tuolumne 477 surface 
Vacaville 1,777 wells 
Willits 1,377 surface 

Total 21,315 


* End of 1955. | 
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installation of plastic tubing is $7.20 
less than that of copper. Assuming a 
good life service, plastic tubing use is 
thus very attractive. 

Problems in installation have been 
met as a result of nonuniformity of 
product and brittleness in cold weather. 
Extra care in bedding the material must 
be taken where the ground is rocky. 

Initially, cemented joints were used, 
to be later abandoned when lack of 
uniformity and cold flow of sleeves * 
gave trouble. Compression joints were 


rABLE 2 
Original and Present Plastic Pipe 
Services 
No. of No. of 
System Location Services Services 


Installed Still in Use 


Salinas, King City 300 275 
Auburn, Colfax, 

Rocklin, Loomis, 

Newcastle 36 20 
Willits 73 48 
Vacaville 674 617 
Selma 300 300 
Sonora 30 20 

Total 1,413 1,280 


* Cold flow is the deformation that takes 
place under pressure. The pressure may be 
either external (from clamps) or internal 
(from fluids). The deformation, in any 
case, is quite slow, hence the term “cold 
flow.” It might be likened to the flow of 
any liquid at or near freezing point. 


Progress in Plastics—Harold H. Yackey 


then tried, but cold flow in the plastic 
continued to give trouble. 

The ideal joint for plastic pipe should 
have the following qualities : 


1. Must be easily installed in the 
field 

2. Must be ready for service imme- 
diately after installation 

3. Should fit the plastic tubing as 
manufactured in copper tubing size 

4. Ends of the plastic tubing which 
are being connected must not require 
special treatment before joining 

5. Tubing must be held in such a 
fashion in the joint that cold flow does 
not take place. 

After 3-4 years service, at a point 
where experiments with compression 
joints were being carried out, failures 
in the plastic service manifested them 
selves, so that, since then, 220 services 
have been changed to either other plas- 
tic or metal. The failures were a result 
of: [1] poor joints; [2] brittleness 
causing fractures; [3] rupturing; and 
[4] failure in flare. 

Because of failures the Pacific ¢ 
and Electric Company has stopy 
using plastics. The company fe 
however, that the difficulties will 
overcome and use of plastic will 
resumed. 


Reference 

1. SPAULDING, JoHN N. Plastic Pipe 
Water Services. /our. AWWA, 45: 
(May 1953). 


; A paper presented by Harold H. Yackey, Engr., Valinda Eng. Co., 


Puente, Calif. 
Few people will contest that plastic 
is a material likely to remain in per- 
manent use. <A recent article (7): 


stated: “the plastic industry produ 
materials equivalent in cubic volu 
to the combined production of alu 
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num, copper, lead, and all other non- 
ferrous metals.” 

In water service, the question is no 
longer whether plastic is a satisfactory 
product to use but, rather, what plastic 
is the most suitable. 

Plastic pipe has been discussed, 
watched, and, more important, has been 
tried out in service. Considering cer- 
tain weak points still apparent, it is 
amazing how uniformly favorable have 
been the many reports on the use of 
plastics during this past year. The 
adoption of plastic pipe in w 
ice seems definitely assured. 


Some Present Users 

The American Water Works Serv- 
ice Company has installed about 3,500 
polyethylene service lines in an area 
from the East Coast to Kansas since 
the beginning of World War II. It 
had trouble with the original low- 
impact styrene fittings and replaced 
them with metal fittings. Most of the 
original clamps corroded so that they 
had to be replaced with rustproof ones. 
Even the old material bought several 
years before 1950, however, has been 
considered “satisfactory.”” The com- 
pany is trying polyvinyl chloride 
(PVC) on an experimental basis now, 
and undoubtedly will use much plastic 
pipe in the future. 

Many suburban lawn sprinklers and 
farm water systems in the East and 
Southeast use 40-90-ft deep wells 
pumped with injection units. The 
double pipes in many of these wells 
and irrigation lines distributing the 
water are plastic, much of it poly- 
ethylene. The reports on these in- 
stallations are favorable. 

In the Southwest and West many 
golf courses, parks, and school grounds 
are irrigated with systems of plastic 
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pipe. Both polyethylene and rigid 
types of plastic are used. Many swim- 
ming pool installers are also currently 
using plastic pipe. 

The Navy is spending $12,000,000 
on washdown systems to eliminate 
radioactive fallout contamination in 
warships. The Navy has chosen plas- 
tic (a high impact PVC) because it 
is the best material for a task salt water 
corrosion, flexure, and weather resist- 
ance must be considered. 

Reports from California plastic pipe 
installations have generally tended to 

support claims made for the material. 
example : 


1. The La Mirada Water Company 
installed, in 1955 and early 1956, 800 
1-in., Schedule 40 (2)* PVC services 
under 80-90 psi. Only one line has 
required repairing. 

2. In Bellflower, 200 1-in. Schedule 
40 PVC services with 60 psi, installed 
in 1956, were subject to only one leak. 

3. The city of Santa Cruz where 200 
services, }-in. copper tube size acril-o- 
nitrile styrene butadiene copolymer 
under 30-115 psi gave no operation or 
maintenance problems since they were 
installed in 1954-1956. 

4. The Keyes Water Company in- 
stalled, in 1956, eighteen 1-in. and one 
}-in. services Schedule 40 and 80 PVC 
with 60 psi, and has reported no prob- 
lems so far. 

5. The Tustin Water Company in- 
stalled, in 1955-1956, twelve subdivi- 
sions of 500-600 ft each. The pipes 
were l-in. Schedule 40 acril-o-nitrile 
styrene butadiene copolymer with 40— 

* American Standards are being provision- 
ally used for plastic pipes. The schedule 
refers to the wall thickness of the pipe which 
increases diameter of the pipe does. 


as 


Schedule 40 and “standard wall thickness” 
are the same dimensionally. 


| 
| 
| 
‘Sig 
¢ 
al 
7 


et 
436 —_ HAROLD H. YACKEY 


100 psi. Reports were that it was easy 
to install and thus a time saver. Crews 
were pleased with it. 

6. A ranch at Fallbrook where 200 
ft of 2-in., 600 ft of }-in., and 7,200 ft 
of $-in. PVC tubing under 60 psi were 
installed in 1956 has reported no 
trouble. 


Plastics Developments 


A great change has come about in 
recent years as those in the water 
works profession have realized their 
responsibility to help in the develop- 
ment of this new material of so much 
potential value to them. 

In the meanwhile, manufacturers 
have also progressed far. Reasons for 
this include the fact that: 


1. Plastic pipe manufacturers are 
now more stabilized. Until 1955, any- 
one with a two-car garage and $10,000 
could go into the plastic pipe business. 
The damage done by a few of these 
manufacturers will take a long time 
to erase. The big steel companies and 
others whose business was being mildly 
curtailed, stayed aloof and watched de- 
velopments. In 1956, many of the 
small operators went out of business 
while several expanded into major 
organizations, and still others were 
taken over by larger interests and re- 
organized. 

2. The basic water pipe plastics 
known a year ago have been much 
improved. The creep of plastics, for 
example, has been established, and all 
plastic pipe now rated according to 
Society of the Plastics Industry speci- 
fications have allowable pressures based 
on a 3 to 1 safety factor, using the ef- 
fective tensile strength instead of 5 to 1 
on ultimate strength. 

A weakness, such as the pinholing 
of polyethylene, is better understood 
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and procedures of manufacture estab- 
lished to correct these conditions. 

3. The plastics industry has limited 
its pipe material offered to the water 
industry to: polyethylene which, while 
not finding favor at city water system 
pressures, has much value elsewhere 
as water pipe; acril-o-nitrile styrene 
butadiene copolymer; and polyvynal 
chloride in two general grades—low 
and high impact. 

While these improvements in the 
plastics industry are taking place, the 
companies furnishing the basic mate- 
rials are hard at work devising im- 
provements in material itself. 

The Dow Chemical Company in 
Midland, Mich., has two new rigid 
polyethylenes under development. A 
method of joining pipes was perhaps 
the only hindrance to marketing these 
new products. The rigidity of the ma- 
terial prevented the use of clamps but, 
at the same time, may make feasible the 
use of O rings. 

Other plastics are being developed 
elsewhere to withstand temperatures 
up to 350°F. Plastic couplings welded 
by applying an electric current to wire 
mesh embodied in the coupling are 
being tested. Investigations are being 
made into the use of a male adapter 
for use with a rubber gasket ; and ready 
for use is a polyethylene nipple which 
will pull out of its thread when over 
strained, thus allowing it to be replaced 
undamaged in the same joint. Plastic 
coated steel pipe is now being devel 
oped, and a selected group of water 
companies will be asked to install test 
sections of this material in the m 
corrosive locations of their systems. 


Advice to Manufacturers 


Users of plastic pipe have a number 
of recommendations and warnings for 
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manufacturers. 
points are: 


Among the leading 


1. Manufacturers should avoid the 
use of names that do not describe the 
material. 

2. Careful manufacture and inspec- 
tion are necessary—constant criticism 
is heard from users regarding lack of 
quality control of manufacturers. 

3. A study of allowable limits in 
manufacture will show that it is easily 
possible to get a combination that will 
give loose joints. A loose joint filled 
with solvent cement is not the answer. 
Closer limits or new methods of joint- 
ing are needed. 

4. Water works men need simple, 
quick ways of verifying the quality of 
a product (similar to soaking PVC in 
solvent to show overheat), an accel- 
erated aging tester, and bending tests 
(with or without heat). 

5. Some manufacturers and sales 
organizations handling only one or 
two types of plastic will often pres- 
sure a customer into using their prod- 
uct when another would do _ better. 
Most manufacturers of extruded mate- 
rial, however, are now making all forms 
of the basic products used in water 
works equipment. 

6. Manufacturers should avoid the 
use of male threaded plastic wherever 
possible, particularly in going to or 
from a metal pipe. 

7. When used in conjunction with 
copper, plastic should be saved all pos- 
sible strain, by making the bends in 
the copper before connecting it to 
plastic. 

&. All plastic installations should be 
protected with a pressure relief valve 
or other device. Polyethylene and 
butyrate fail when the material stretches 
and does not return to original size. 
Having once been overpressured, the 
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material is permanently weakened. 
Eventually the walls become thin and 
rupture. Acril-o-nitrile styrene buta- 
diene copolymer and PVC plastics have 
the reputation of failure by rupture so 
that they should not be permanently 
enlarged. A relief device eliminates 
any tendency to do so and will cost 
less than repairing the damage of a 
good-sized break. Good management 
dictates the installation of relief devices 
on every system where pressure may 
exceed the strength of any parts of the 
system. 

9. There are still too many different 
sizes, thicknesses, and modifications of 
plastic pipe. The man in the water in- 
dustry must make a technical study of 
plastics before deciding which to use, 
what OD and thickness. 

The ASA and ASTM are at work 
developing standard specifications in 
the plastic pipe industry. The AWWA 
has representatives on these commit- 
tees and progress is being made toward 
the development of very necessary 
standards. Pipe made in accordance 
with the specifications will be uniform 
in quality of materials, physical proper- 
ties, and OD. These features will sim- 
plify purchasing and installing of plas- 
tic pipes. 

Specifications should be drawn up 
bearing in mind that the pipe will have 
to be used with existing water heaters, 
softeners, pumps, and equipment. A 
standard working pressure should be 
established at 150 psi. Later standards 
can accommodate 50, 100, 200 psi. 

In the early days it had been hoped 
that plastic would be so independent 
of other materials that special plastic 
sizes would be established. Conditions 
have not worked out that way, however, 
and with the coming use of rubber and 
compression gaskets, sizes in conform- 
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_ ity with those of iron pipe are needed. than three services and, unless they 

10. While standardization is impor- have had previous experience, not 
tant, the proper identification of all more than 1 per cent of a year’s service 
pipes and fittings is just as necessary. installations. The installation should 
The National Sanitation Foundation’s be properly selected, designed, and pro- 
classification of materials program tected. Even though ultimate use may 
would mean nothing without the iden- be different from the tests, experience 
tification program of the Society of the will be invaluable, and the organization 


Plastics Industry. will be getting closer to the time when 
All pipes and fittings should have they can replace high-priced copper. 
clearly marked on them: material, 
manufacturer, pressure, service, and References 
size. 1. Journal of Commerce, New York, N.Y. 

The author suggests that Wrought Steel and 
water works organization test plastic Wrought Iron ASA B.36.10-1950. 
installations in its system—not less ASA, New York (1956). 


ow 
Correction 


The paper, “Diatomite Filters for Municipal Installations,” by E. Robert 
Baumann (February 1957 JourNAL, Vol. 49, pp. 174-86) contained several e: 
rors. In Table 3 (pp. 178-79), Item 29 (Anchorage, Alaska) should not hav 
been included, as the installation is not in operation. 

On p. 182, the caption of Fig. 1 is incorrect. The body-feed tank, propor 
tioning pump, and flash mixer are located at the Palmyra, N.Y., plant, as statec 
the group of vertical diatomite filters, however, is installed at Tupper Lake, N.¥ 
In addition, owing to a printer’s error, most copies of the February issue sho 
the two photos that make up Fig. 1 in transposed order. The vertical filter 
(Tupper Lake) should have appeared at left, and the be vdy- feed tank, pump, an 
mixer (Palmyra) at right. | 
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—_ and Rating of Wells and Well Fields 
Lynn M. Miller 


A paper presented on Sep. 13, 1956, at the Michigan Section Meeting, 
Kalamazoo, Mich., by Lynn M. Miller, Geologist, Geological Survey 
Div., Dept. of Conservation, Lansing, Mich. 


HIS article is directed to the opera- 

tors of water works that use 
ground water as a source. No par- 
ticular attempt will be made to justify 
mathematically the methods of test 
analysis mentioned as this subject has 
already been adequately handled by 
numerous authors whose works are 
listed in bibliographies on hydrology. 
The purpose, rather, is to promote in- 
terest and understanding of sound 
technical approaches to field design 
problems of wells. 

Unlike other minerals, water is a 
dynamic and renewable resource. Al- 
though the paths of its movement are 
often diverse, obscure, and complex, 
there is much to learn about the forces 
which control movement in any area. 

Water falling on the earth follows 
many routes: some evaporates, some 
is captured by plants then passed back 
into the air, and some runs off over the 
surface of the ground into streams and 
lakes. On the average, perhaps, one 
quarter percolates far enough into the 
ground to be held in transient storage. 
The geologic formations capable of 
yielding water to wells are those which 
most readily accept it. Vast quantities, 
however, repose in essentially immobile 
storage in more dense formations. 
| 
Geological Conditions 


When one is seeking to develop 

ground water, primary consideration 


should be given to the surface and 
subsurface earth conditions, or geol- 
ogy, of an area. The deposition of 
rock and rock particles has dictated 
in advance the reservoir capacity avail- 
able. An appreciation of this fact can 
be quickly developed with an experi- 
ment in which different size spheres 
are arranged in a box. A cross sec- 
tion of such a box, in which the spheres 
represent variation in particle sizes, is 
shown in Fig. 1. It should be apparent 
that, in the arrangements shown, the 
size of openings between particles 
varies according to the size of the par- 
ticle itself—the smaller the particle, 
the greater the number of openings 
in a given volume. The result is that 
as long as the box or volume size re- 
mains constant and the particle ar- 
rangement uniform, the total volume 
of open area is the same, regardless 
of the particle size. If a mixture of 
two or more sizes is packed into the 
same box, however, the total open area 
is reduced sharply. In addition, when 
particle size is not uniform and particle 
arrangement is random, the open areas 
are poorly connected. 

From a knowledge of the flow char- 
acteristics of various pipe sizes, it is 
evident that the large, open, and well- 
connected pore spaces of a coarse gravel 
should permit fluid flow with less head 
loss than would the small pore spaces 
in a fine sand or the irregular and 
poorly connected pores of a material 
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with many grain sizes. The measure Particle sizes and arrangement in 
of a formation’s ability to permit the geologic formations seldom approach 
movement of water under given head the ideal character of baseballs in a 
conditions is termed its permeability. box, but sands and gravels do occur 
The total volume of pore spaces in a as rounded particles and are stratified 


Fig. 1. Relationship of Spheres to Pore Sizes 


In these idealized diagrams, it can be clearly seen that, as a particle size varies, s 
does the space between them. 


formation is representative of its poros- in size ranges. The mechanics of wind 
ity. Thus, it is evident that one for- and water deposition have dictated 
mation might have a high porosity but sorting of particles on a basis of weight 
a low permeability in comparison to and size, so that the degree of sorting 


another. is quite often an expression of the 


©0000000 
| 00000000 


a5 
Apr. 1957 


variety of rock and mineral materials 
present. 

Of greater significance is the fact 
that within a particular formation the 
forces of deposition have seldom been 
uniform, so that a variety of sortings 
and grain sizes has resulted. Conse- 
quently, some spots within an aquifer 
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AND RATING 
indicate the quantity of fluid which will 
pass through a cross-sectional area of 
1 sqft of formation in a day under a 
hydraulic influence (head) of 1 ft for 
each foot of distance. The transmissi- 
bility of a formation includes one addi- 
tional dimension of the aquifer—thick- 
ness. Therefore, T can be expressed as 


Fig. 2. Diagram Illustrating Coefficient of Permeability 


The arrows indicate movement of water. 


are more permeable than others. Loca- 
tion of the most permable areas is the 
object of test drilling and other meth- 
ods of exploration. 

The common names given to the 
hydraulic properties of an aquifer are 
coefficient of transmissibility (7) and 
coefficient of storage (§). The trans- 
missibility of a formation is related to 
its permeability. As illustrated in Fig. 
2, permeability is usually expressed to 


the number of gallons which would flow 
through an opening 1 ft wide from the 
top to bottom of the formation in one 
day under the stated hydraulic gradient 
of 1 ft per foot. 

The coefficient of storage (S) re- 
lates to a combination of several physi- 
cal properties, of which the easiest to 
visualize is the formation porosity. It 
is, actually, a relative measure of the 
quantity of water given up by a column 
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of the aquifer with a cross-sectional 
area of 1 sqft, and equal in height to 
the thickness of the saturated formation 
when the hydraulic head is lowered 
1 ft. 

When a withdrawal from a_ well 
commences, a hydraulic head differ- 
ential is applied to the formation. This 
results in a lowering of water in the 
well and causes a flow toward it from 
all directions. When a well in a uni- 
form formation is pumped, the water 
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volume of formation from which water 
is drawn increases. The demands of 
the well, therefore, being distributed 
equally, are of smaller magnitude as 
distance increases. The exact shape of 
this cone of depression and rate at which 
it develops are a function of the pump- 
ing rate and the formation coefficients 
of transmissibility and storage. It fol- 
lows, then, that water level data col- 
lected from points at known distances 
from a well, pumping a constant quan- 


Fig. 3. Development of a Drawdown Cone About a Pumping Well 


The distance from the center of the pumping well to the center of the observation well, 
in feet, is shown as r. 


contributions should be equal from all 
points of the compass and the drop in 
water level, or head loss, equal in all 
directions at a given distance from the 
well, regardless of compass direction. 
Figure 3 shows a cross section of the 
water level profile under pumping con- 
ditions. As the diameter of the draw- 
down cone resulting from pumping in- 
creases, the area of influence and the 


conducted, or both. 


tity, should facilitate the mathematical 
determination of the coefficients. That 
is the approach of the hydrologist wh 
may use any one of several mathemati 
cal adaptations of the basic formulas 
which have been developed. His choice 
will depend upon individual preference 
or conditions under which the test was 
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Testing Wells 


Regardless of the method of inter- 
pretation to be used, the data require- 
ments for well tests are much the same. 
It is desirable to have several wells, at 
various distances around the well to be 
pumped, for use as water level observa- 
tion points. Under extreme circum- 
stances, however, this requirement can 
be reduced to one observation point 100 
ft or less from the pumping well. It 
must be understood, though, that the 
resulting determinations will not be as 
reliable as they would for a test where 
several observation wells were available. 

Water levels in the area should be 
stabilized for several hours before the 
test is to be run. This can be accom- 
plished either by eliminating pumping 
in the area or by holding all outside 
withdrawals to a constant rate, prior 
to and during the test period. Test 
pumping should commence at a pre- 
determined zero time and capacity. 
Water level measurements then should 
be made on all observation points, about 
1 min apart for the first few minutes 
and gradually increasing until they are 
spaced 3 or 4 hr apart. Total test pe- 
riods may range from a few hours to 
several days depending upon the data 
required under the particular circum- 
stances. Expert guidance should be 
enlisted for setting up tests of this type 
because of the many factors which 
must be considered. 


Interpreting Test Data 

The mathematics of the interpretive 
method dictate the use of logarithms. 
By plotting the data on logarithmic 
graph paper, however, it is possible to 
eliminate this implied numerical ma- 
nipulation. One widely used proce- 
dure for determining the coefficients is 
the Jacob modification of Theis’ non- 
equilibrium method (1). This appli- 
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cation stipulates that water levels be 
plotted on an arithmetic scale against 
the elapsed time on a logarithmic scale. 
An example of such a plot is shown in 
Fig. 4 and Table 1. When time be- 
comes great enough, the data will plot 
as a straight line. The slope of this 
line relates to the transmissibility of 
the formation. Then T and S may be 
calculated by Eq 1 and 2. 
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where: T is coefficient of transmissibil- 
ity; S, coefficient of storage; Q, rate of 
pumping, in gallons per minute; r, dis- 
tance from center of pumping well to 
center of observation well, in feet; s, 
drawdown of water level, in feet; As, 
rate of drawdown for each log cycle of 
the straight line portion of the graphic 
plot; and ¢,, the time in minutes when 
the straight line portion of the curve 
extended intersect the value of zero 
drawdown. 

Applying Eq 1 and 2 to the example 
shown in Fig. 4 and Table 1, 


264 500 
T= - = 600 gpd per foot 
2.2 
60,000 4.4 
= = 0,0055 
4,790 X 10,000 
More elaborate discussions and 


mathematical justification of this and 
other methods may be found through- 
out the literature on the subject, includ- 
ing the JouRNAL (2, 3). 

Once numerical values have been as- 
signed to the coefficients, T and S, it 
is possible to determine the drawdown 
effects of pumping any quantity in the 
vicinity of withdrawal and at any dis- 
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tance from the pumping well. A com- 
mon practice is to plot a graphic pres- 
d entation (Fig. 5) of water levels against 
the logarithm of distance from the cen- 
ter of pumping for a given period of 
time. To incorporate a logical safety 
factor and a degree of conservatism, a 
pumping period of 100 days is usually 
chosen for such purposes. Values for 
this presentation are determined by 
applying the T and S values to the 

_ Theis nonequilibrium formulas (4) : 
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function of u,” determined from calcu- 
lated tables for each value of (1). 

Besides determining the safe yield 
rating for individual isolated well in- 
stallations, such a presentation is of 
considerable value in determining the 
interferences between wells in a well 
field. A little work invested in this 
way, prior to laying out a well field, 
will result in the most efficient well 
placement pattern and highest well 
field capacity. 


Observed Drawdown - ft 
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_where the factors T, S, Q, and s are 
as previously defined, and: ¢ is time, 
in days, since pumping began; u, nu- 
merical solution of Eq 3, and, for any 
given formation, is proportional to the 


ratio of r*/t; and W(u), the “well 


10¢ 1,00 
Time Since Pumping Began— min Z. 


Fig. 4. Plot of Observation Well Drawdown Data 


Ihe graph, together with the data shown in Table 1, refers to an observation wel 
- 100 ft from a well pumping 500 gpm. 


Field Application 


As an example, let it be assumed tha 
the data given in Fig. 5 are repre 
sentative of the hydraulic conditions 
The available property for a well fiel« 
measures 600 ft on a side. Health de 
partment regulations require a_ well 
isolation of 200 ft from property lines 
Therefore, all wells at this site must be 
located in a square 200 ft on each side 
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The two most advantageous distribu- 
tions of wells appear to be nine wells 
100 ft apart or four wells 200 ft apart. 
From the results of drilling, testing, 
and calculations, the probable draw- 
down in the vicinity of a well can be 
determined for a given rate of pump- 
ing. The difference between the total 
available and the calculated drawdown 
represents the allowable interference 
drawdown. For the sake of illustration 
it shall be assumed that total interfer- 
ence drawdowns which can be accom- 


companion, and the center well will 
suffer the greatest effects. Therefore, 
consideration of the center well case 
gives the quickest appraisal of the pro- 
posal. For the center well case, the 
combination of four wells at 100-ft dis- 
tance and four wells at 141-ft distance 
will represent the total interference. 
Referring to the graph in Fig. 5 and 
following the 200-gpm line one can 
determine that wells at 100 ft will have 
an influence of 3.1 ft per well and wells 
at 141 ft will have an influence of 2.9 


modated for various pumping rates are 
as shown in Table 2. 

The problem of design, then, is one 
of balancing the cost of well and pump 
installation against the quantity of water 
produced to get the best returns. An 
installation with nine wells and pump- 
ing rates of 200 gpm each will serve 
as an example. As indicated above, 
the total interference must not exceed 
27.4 ft. In the nine-well pattern, this 
will represent the total effects of eight 
other wells. A corner well will be the 
least affected by the pumping of its 


TABLE 1 
Well Drawdown Data 
Time Since Time Since 
Pumping Began Drawdown Pumping Began Drawdown 
min ft min ft 
1 0.4 60 
2 0.5 70 
3 0.6 80 
4 0.7 90 
5 0.8 100 
6 0.85 150 
7 0.92 200 
8 1.00 250 
9 1.06 300 
10 1.11 400 
15 1.35 500 ; 
20 1.50 600 a 
25 1.69 700 
30 1.85 800 
40 2.13 900 : 
50 2.32 1000 


ft per well. The total interference ex- 
pected, then, would be 12.4+ 11.6 
= 24.0, which is well below the 27.4 ft 
maximum allowed. 

Consideration of a four-well configu- 
ration with wells rated at 500 gpm 
would require the addition of influences 
from two wells at 200 ft and one well 
at about 283 ft. The total influence, in 
that case, would equal 18.8 ft which is 
above the allowable limit. It may be 
of interest to know that 2,000 gpm 
could be produced from this field from 
a square of eight wells, each pumping 


ups 
| 
3 
is 


_ 250 gpm. No center well would then 
be involved. The most practical solu- 
tion, however, would probably be four 
wells pumping about 425 gpm each. 

It must be remembered that the 

] drawdown values obtained for the 

pumping well by straight application of 
the Theis formulas represent only the 
head losses suffered by water move- 
ment through the formation under 

. laminar flow conditions. The actual 

pumping level of a particular well can- 

not be calculated without additional 
considerations for high velocities and 
turbulence losses as a result of its own 


pumping. 


i TABLE 2 
Allowable Interference Drawdowns for 


Various Pumping Rates 


= 


Allowable 
Rate Self-Drawdown Drawlown 
100 4.4 
200 8.6 
300 12.7 
400 $7.2 
500 21.0 
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Well Losses 


At and near the well face, fluid ve- 
locities usually become so large that 
turbulent flow conditions exist. The 
magnitude of turbulence losses varies 
with each well because of differences 
in formation characteristics, screen slot 
sizes required, the degree of well de- 
velopment, well diameter, and quantity 
of water being pumped. There are so 
many unknown quantities involved in 
the calculation of these individual fac- 
tors that they are usually lumped to- 
gether under the heading of “well 
losses.” 

A method of approximating the 
‘well losses” for a particular well has 


‘ 
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been presented by Rorabaugh (5) as 
follows : 


Sw = BO + CQ"...... (5) 


where s, is observed drawdown in the 
pumped well; B, coefficient of forma- 
tion losses ; C, coefficient of well losses ; 
and Q, pumping rate. 

The values of B and C may be calcu- 
lated if proper test data are available. 
To collect such data it is necessary to 
pump the finished well at two or three 
progressive rates for periods of at least 
an hour each and observe the develop- 
ment of drawdown in the pumping well 
at each pumping rate. If T and S val- 
ues for the formation in question are 
available, the value of the BO factor 
may be approximately calculated and 
substituted directly into Eq 5, and the 
value of CQ" determined by a simple 
subtraction. When a full-scale “aqui 
fer performance test’’ is not conducted, 
however, a step drawdown test offers 
a method of breaking down the ob 
served losses in the pumping well. 
Additionally, it affords one the oppo 
tunity of rather quickly comparing tl 
magnitude of well losses to determit 
when a well is in need of cleaning ot 
other repair work. Experience 
Michigan indicates that the average CC 
factor for gravel well may be replace 
by CQ? and is about one third as larg 
as the BQ factor at maximum capac 
ties. Further application of this methe 
might be made to check the adequac 
of well design and construction. 

A controllable factor which plays 
significant part in the magnitude of we 
loss of sand and gravel wells is ope 
screen area. Research indicates thi 
fluid velocities through the screen opet 
ings between 0.1 and 0.25 fps give 
satisfactory performance. No penalt 
is suffered for velocities lower than 0 
fps, but velocities greater than the 0.2 
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limit may result in higher pumping and 
maintenance costs. In this case, veloc- 
ity is a function of quantity and area, 
and is easily approximated in the de- 
sign stages by the following method: 


= v= (6) 


where V is velocity, in feet per second ; 
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rectly established by consideration of 
formation loss and well interferences, 
the open area of screen is the basic con- 
sideration to be made here. Screen slot 
size should be determined by accurate 
sampling and proper sieve analysis. 
Thus, the screen diameter and length 
remain as the two variables in design. 

In choosing a well diameter, consid- 
eration should be given to the pumping 


-ft 


Drawdown Influence 


Distance From Pumping Well —ft 


Fig. 5. 


Aquifer has a T value of 60,000 gpd per foot and an S value of 0.0055. 


Influence for Various Rates of Pumping in an Aquifer 


The Q values 


(rate of pumping in gallons per minute) for Curve A is 500 gpm; Curve B, 400 
gpm; Curve C, 300 gpm; Curve D, 200 gpm; and Curve E, 100 gpm. 


Q, quantity of water to be pumped 
from the well, in cubic feet per second 
(1 cfs is equivalent to about 450 gpm) ; 
and A, total open area of screen, in 
square feet (screen manufacturers’ 
tables list openings per foot for various 
screen dimensions ). 

Because the Q factor is more cor- 


equipment which will be installed in 
the final well. It is not usually wise 
practice to install an 8-in. turbine pump 
in an 8-in. diameter well or a 10-in. 
pump in a 10-in. well. Most pump in- 
stallers prefer to have at least 1-in. 
clearance between the pump bowls and 
well casing. 
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The question of screen length selec- 
tion should incorporate more than a 
casual recollection of the aquifer thick- 
ness. The definition of T incorporates 
flow through the total thickness of 
water-bearing material. If less than 
the total thickness is used it can be 
expected that the value of T should be 
decreased. Eq 3 and 4 indicate that as 
T decreases, the formation drawdown 
will increase. Fortunately, this is not 
a directly proportional increase. But, 
if the screened portion of the formation 
is significantly less than one-half of the 
formation thickness, Kozeny (6) has 
shown that the additional drawdown 
suffered may be significant. There- 
fore, as much of the aquifer as practical 
should be screened to eliminate un- 
reasonable losses. 


Need for Design 


From this discussion, it should be ap- 
parent that well and well field design 
are engineering problems and should 
not be left to chance. Each design 
has its own considerations and limita- 
tions. For this reason, no definite 
order of design procedures can be set 
down for the water works operator to 
follow. As is true in all major con- 
struction work, the assistance of an 
expert is recommended. The water 
works operator, however, has a very 
definite position in supervising the de- 
velopment and maintaining comprehen- 
sive written records of all phases. He 
should compile complete logs of all test 
drilling, including drilling samples of 
the earth materials and locations of the 
test holes. Observations of water 
levels in various formations encoun- 
tered, and the results of all test pump- 
ing, even if it is unsuccessful, may prove 
to be of considerable value in setting 
up more detailed tests or appraising the 
water resources of the general area. 
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He should be aware of his daily pump- 
age and the distribution of the pumpage 
load. The latter is vital information 
when it is necessary to stabilize water 
levels for an aquifer performance test. 

Intimate acquaintance with the con- 
struction and performance particulars 
of new wells makes it much easier to 
diagnose well troubles before a com- 
plete breakdown occurs. As pointed 
out in the discussion of Eq 5, this “step 
drawdown”’ test procedure can be ap- 
plied to wells periodically and a run- 
ning check on well efficiency main- 
tained. Most wells need periodic clean- 
ing or redevelopment or both. The 
proper time for such work can be de- 
termined if adequate records are 
maintained. 

A record of water level measure- 
ments, made according to a regular 
schedule, gives an indication of sea- 
sonal fluctuations and is of great assist- 
ance in determining potential yields in 
drought periods. Water level measure- 
ments and invidual well pumpage rec- 
ords may be used to check pump effi 
ciencies and general conditions of 
pumping equipment. Comparisons of 
pumpage and consumption gallonage 
totals often reveal unsuspected losses of 
large quantities of water which, when 
corrected, eliminate the need for an 
additional well or well fields. 

Technology has provided the mea 
for adequately designing wells and well 
fields for peak efficiency operation 
Expert guidance in ground water de 
velopments can result in a considerable 
increase of available water per dollar 
spent. The experts are not wizards, 
however, and rely heavily upon the re 
corded history of water development 
and production in an area when giving 
assistance. Their key to proper diag- 
nosis and application of methods is the 
water works operator and his record 
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Precast Concrete Rapid Sand Filter Underdrain 


State University, Columbus, Ohio. 


APID sand filter underdrains are 

designed and built in more ways, 
utilizing a greater variety of materials, 
than almost any other feature of the 
rapid sand filter. Many types of filter 
bottoms have been developed because 
operation or cost characteristics of 
those existing have not been satisfac- 
tory. Operators, equipment people, 
and engineers have been striving for 
a better way to collect filtered water 
or to distribute backwash water ever 
since the rapid sand filter was first 
developed. 


A review of some of the various 
types of filter bottoms which have 
been or are now popular might be 
useful. 

Early filters were constructed with 
pipe and strainers, having holes in the 
top of the pipe laterals which were cov- 
ered with brass or bronze strainers. A 
variation was ridge-and-valley 
strainer system of bottom, used in Cin- 
cinnati, in which concrete blocks sepa- 
rated valleys covered with brass 
strainer plate. 

Most of these early systems were 
changed to perforated pipe lateral sys- 
tems which have become quite popu- 
lar. Cast-iron or steel pipe laterals 
extend across the filter from a mani- 
fold. Small diameter holes in the lat- 
erals, projecting downward, are sur- 
rounded with coarse gravel.  Fre- 


Types of Filter Underdrain 


Kenneth W. Cosens 


A paper presented on Sep. 21, 1956, at the Ohio Section Meeting, To 
ledo, Ohio, by Kenneth W. Cosens, Assoc. Prof. of Civ. Eng., Ohio 


quently the holes are bushed with brass 
or bronze fittings. 

The Wheeler bottom, consisting of 
a concrete floor system of inverted 
pyramids filled with preformed balls 
of selected diameters, has been in- 
stalled in a number of plants. 

The Wagner bottom is a variation 
of the perforated pipe bottom, utilizing 
slotted concrete blocks to replace the 
coarse gravel between the pipe laterals. 

The Leopold bottom is essentially a 
two-level vitrified clay block which dis- 
tributes the water across the filter in 
the bottom channel and is equipped 
with small diameter perforations over 
the entire surface area of the filter. 

Porous plate bottoms are constructed 
of a fired inert aluminum oxide or simi- 
lar material. The whole area of the 
filter forms a false bottom as the plates 
are supported on bolts or concrete 
ridges 8-12 in. above the filter floor. 
Another type false bottom is con- 
structed of perforated asbestos-cement 
plates. The perforations are baffled 
to prevent gravel from entering the 
openings. 

Wood and many other innovations 
and variations of the bottoms already 
described have been used with varying 
degrees of success. 

One of the most recent filter under- 
drains which has been developed is the 
precast concrete bottom designed by 
Chester Crist, civil engineer associate 
with the Columbus, Ohio, water filtra- 
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tion plant.* The original installations ices are made of polyvinyl chloride 
of this bottom were made in filters at plastic? and are recessed to prevent 
the Nelson Road and Dublin Road city being blocked by gravel. 
of Columbus plants, one utilizing well There are several common methods 
water and the other using Scioto River of installing underdrains. In filters 
water. Both plants are lime-soda ash having only one compartment, where 
softening plants. the influent flume extends down the 
Structural Details middle of the filtering area (Fig. 1), 
The precast concrete underdrain is ‘mfluent and effluent ports are cast, 3 
a reinforced concrete unit 6-in. deep - by 93 in., directly under the center 
and 16-in. wide with three 44-in. di- of each 44-in. lateral. This port pro- 
ameter laterals cast into each unit. vides ample area even for high back- 
The length of the unit extends the full wash rates. 


Fig. 1. Precast Concrete Underdrain Installed in Center Flume Filter 


The underdrain may be anchored down by the anchor bolt system shown in the insert 

at left. Insert at right shows enlargement of underdrain unit meeting wall. Back- 

wash water enters laterals through rectangular openings on the bottom side of each 

lateral and directly above the center flume. Filtered water leaves the filter through 
the same opening. 


width of the filters. At 6-in. centers, If the filter is a two-compartment 
along each lateral, are spaced 3-in. di- unit divided by a central gullet or 
ameter nozzles or orifices. These ori- flume, the units are placed in position 


* Called “Criscrete,” this bottom is manu- 


factured by Price Brothers, Flexicore Divi- + Commonly used in plastic water pipes, 
sion, Dayton, Ohio, for the M-C-G Company, and one of the materials recently approved 
Columbus, Ohio. by the National Sanitation Foundation. 
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on the floor with the central end of the 
underdrain unit terminating flush with 
the inside of the flume (Fig. 2). The 
far end is bulkheaded with an alumi- 
num pie plate and grouted, and the 
center end is held in place by the wall 
of the flume or gullet. 

The 16-in. underdrain unit weighs 
60 Ib per lineal foot (45 Ib per square 


KENNETH W. COSENS ar Jour. AWWA 


fore the filter sand is placed. The 
gravel gradation shown in Table 1 has 
been found satisfactory. 


Hydraulic Design Criteria 


There are three 44-in. diameter lat- 
erals in each 16-in. unit so that the 
average lateral spacing is 54 in. center- 
to-center (Fig. 3). Six-inch spacing 


Fig. 2. Precast Concrete Underdrain Installed in End Flume 


Laterals occupy a large portion of the whole filter bottom, and inlet orifices are spaced 


at close intervals over the entire filter floor. 
Insert shows closeup of unit which is 16 in. wide and 


the inside wall of the flume. 


End of underdrain ts anchored under 


6 in. deep and extends full length of the filter. 


foot), and is reinforced to withstand 
even rough handling during shipment, 
storage and while it is being lowered 
into place in the filter. The under- 
drain units are set in mortar as needed 
to provide a satisfactory bearing. 

It is recommended that 12 in. of 
graded gravel be placed immediately 
above the precast concrete bottom be- 


of %-in. orifices along the laterals pro- 
vides one orifice for each 32 in. of filter 
bed area, which amounts to 0.497 sq 
in. of orifice area per square foot of 
sand filter surface. This provides ori- 
fice area that is 0.345 per cent of the 
filter area. 

At a 24-ipm backwash rate the ve- 
locity through the orifice is 9.68 fps. 
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TABLE 1 


Recommended Gravel Gradation for Precast 
Concrete Underdrain 


Gravel Depth Gravel Size 
inches inches 
3 
3 
3 
3 14-2 


Velocity during backwashing will vary, 
in the 44-in. diameter laterals, de- 
pending upon the method of directing 
backwash water to the underdrains, 
but in all typical designs this velocity 
is relatively low because of the large 
cross-sectional area of the laterals. 

Approximately 10 ft of water head 
will be required at the center of the 
concrete underdrain lateral to develop 
a backwash rate of 24 ipm for a filter 
with 24 in. of 0.50 mm effective size 
sand, 12 in. of graded gravel, and 24 in. 
of freeboard from sand surface to wash 
water gutter edge. Similarly it will 
require about 11} ft of water head for 
a 30-ipm backwash rate. 
Operating Characteristics 

During January and February 1956, 
tests were conducted on a precast con- 
crete underdrain that was installed in 


the Dublin Road softening plant at 
Columbus, Ohio, to determine friction 


fa 


losses in the underdrain system and 
other general operation conditions. 

The filter rated at 3.14 mgd, for 
2-gpm per square foot filtration rate, 
is a two compartment unit, each side 
being 46 ft 8 in. by 11 ft 8 in. The 
total filter sand area is 1,090 sq ft. 
The backwash water comes to the filter 
from the center of each compartment, 
moves to the laterals, then out each 
lateral. Maximum length of flow in 
the lateral is 5 ft 10 in., and at 24-ipm 
rate of backwash, maximum velocity 
in the lateral is 0.93 fps. 

A test which omitted sand and 
gravel was conducted (Fig. 4). Fric- 
tion head losses in the laterals were 
measured at values from $ in. to 1} in. 
in a 5-ft length of lateral. From all 
visual inspection the distribution of 
backwash water was very uniform 
over the entire filter. Another series 
of tests was run with 12 in. of gravel 
resting on the underdrains. At a 
backwash rate of 23-ipm rise, the pres- 
sure head in the lateral was sometimes 
greater, and at other times less, at the 
edge of the filter than at the center of 
the filter. In all instances head losses 
or gains were small. Apparently the 
recovery of velocity head near the end 
of the laterals almost exactly compen- 
sates for the friction loss along the lat- 
eral. This desirable situation is con- 


Fig. 3. Cross Section Through Precast Concrete 


Minimum depth of 6 in. facilitates use of this underdrain for 
replacement of old underdrain 
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ducive to uniform flow conditions over 
the entire filter. All friction losses in 
the system are relatively low except the 
loss through the nozzle or orifice. 
With the major loss occurring at the 
orifice, uniform backwash distribution 
is assured. 

After placement of sand, the filter 
functions ideally. Distribution of 


7s-in. orifices at 6 in. center-to-center 
along the laterals. At 24-ipm_ back- 
wash rate, the orifice velocity at the 
Chicago plant is 15.8 fps, while with 
the precast underdrain it is 9.7 fps. If 
these velocities are converted to veloc- 
ity heads, they are 3.9 ft and 1.5 ft re- 
spectively. In addition, pipe friction 
in the cast-iron pipe laterals is obvi 


Fig. 4. Backwashing Precast Filter During Test 


No gravel or sand was placed on the underdrain during this test. 


Uniform distribu- 


tion of backwash as indicated by the jets of water emanating from nozzles on top of 
laterals made test successful. 


backwash appears to be very uniform 
and losses in the underdrainage sys- 
tem are less than for many other 
systems. 

A comparison of precast concrete 
system losses with those in a_perfo- 
rated pipe underdrain design is in- 
structive. The Chicago South District 
Filtration Plant, for example, has a 
bottom composed of 4-in. cast-iron pipe 
laterals, 12 in. center-to-center with 


ously greater as the velocity in the 
wider spaced laterals must be greater. 
These factors combined to produce 
greater hydraulic losses in the perfo- 
rated pipe laterals than in the precast 


concrete underdrain. The losses in 
the pipe lateral bottom, moreover, 
tend to affect adversely distribution of 
backwash water. 

On a small experimental filter with 
a 6-sqft surface area and 12 in. of 
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gravel, backwash rates as high as 
48-ipm rise did not disturb the gravel. 
Another small, glass walled filter with 
8 in. of graded gravel, sized from } in. 
to ys in., showed no displacement of 
gravel even when backwash rates were 
as high as 72 ipm. After a year of 
service at the Nelson Road softening 
plant in Columbus, the sand over a 
small part of the filter was removed 
and the gravel layers carefully exam- 
ined. They were found to be in the 
exact position in which they had been 
placed. Backwash rate at this filter is 
24-ipm rise. Any apprehension about 


TABLE 2 


Location and Capacity of Precast Concrete 
Installations, to August 1956 


Plant Location Filter Capacity-med 


Columbus, Ohio 


Nelson Rd. 2 

Dublin Rd.* 6. 
New Lexington, Ohio* 0: 
Mt. Vernon, Ind. 2 
Greensburg, Ind. 2 
Walton, Ky. 1 
Wheeling, W. Va.t 2 
Medina, Ohiot 2 
Montgomery Co., Ohiot 1 


* Rehabilitation of existing filters. 

+ Under contract but not installed as of August 1956, 
ravel displacement resulting from up- 
ard directed orifices should be dis- 
elled after this experience. 

Based upon the experience at the 
Nelson Road plant, Columbus will re- 
lace all its filter bottoms dating back 
» 1905 with precast concrete bottoms. 
Yther plants where new bottoms have 
een recently installed are given in 
‘able 2. 


Cost of Installation 


Price of the underdrain is between 
3 and $4 per square foot, fob Dayton, 
Ohio, depending upon size of the job. 
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The delivered price for the bottoms 
now installed in the Columbus plants 
was $3.45 per square foot. Cost of 
installation will depend partly on the 
contractors and partly on the nature 
of the job—new units or repair of old 
ones. In the new plant at Walton, 
Ky., the contractor reported costs of 
installation at 30¢ per square foot. In 
Mt. Vernon, Ind., three men and a 


crane installed, in 3 days, complete pa 


underdrains in four 0.5-mgd_ filters, 
each 175 sq ft in surface area. At the 
Dublin Road plant, Columbus, total 
labor cost of installing underdrains by 


Conclusions 


The distinguishing features of the 
precast concrete bottoms are: 


1. Distribution of backwash is ex- 
tremely uniform 

2. Loss of head in the underdrainage 
system is lower than in other similar 
types of filter underdrain 

3. Cost of the completed system is 
very favorable when compared to 
other underdrain systems 

4. The bottom can be used equally 
well for new and rehabilitation work. 

5. Shallow depth (only 6 in.) con- 
serves on overall filter depth and cost 
and also contributes to its adaptability 
in rehabilitating old filters, especially 
where distance from bottom of the 
filter to the wash water trough crest 
is limited 

6. Structurally, the reinforced con- 
crete unit is much more resistant to 
shock and careless handling than most 
other underdrains; it will support 


loads that would cause other types of | 


underdrains to collapse 
7. For new and rehabilitation work, 
the units are cast in the proper length 
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needed to fit the filter, thus avoiding 
field cutting of units 

8. Size and shape of the units lend 
themselves to the use of power equip- 
ment for handling and installation so 
that savings in installation costs are 
affected (for a 12-ft wide filter, 16 
sqft of underdrain is laid in one 
operation ) 

9. If the sand and gravel need re- 
placing the flat top surface of the 
underdrain renders the task easier than 
a similar operation on the irregular 
top of other filter bottoms 

10. No metallic surfaces come in 


Correction 


The paper “Ground Water in the 
South Carolina Coastal Plain” by 
George E. Siple (March 1957 Jour- 
NAL, Vol. 49, pp. 283-300) contained 
an editorial error. In Fig. 7, on p. 296, 
the centered numerals referred to in 
the italic note as indicating total solids 
were omitted from the illustration. 
The corrected illustration is shown at 
right. 
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contact with the water ; therefore tuber- 
culation and corrosion will not occur 

11. With orifices in the top of the 
underdrain, air binding of the laterals 
during the backwashing operation can- 
not take place as it can in laterals with 
downward directed jets 

12. The upward velocity of the ori- 
fices does not disturb gravel even at 
excessive backwash rates 

13. Present experience with the 
polyvinyl chloride plastic used for ori- 
fices indicates that it will be entirely 
satisfactory in all waters intended for 
domestic consumption. 
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Recording Bacteriological Data 
- E. Joe Middlebrooks and Graham Walton 


A contribution to the Journal by E. Joe Middlebrooks, Jr., Asst. San. 
. Engr., and Graham Walton, Sr. San. Engr., both of the Water Treat- 


ment Evaluation Studies, Water Supply and Water Pollution Pro- 
gram, Robert A. Taft San. Eng. Center, Cincinnati, Ohio. 


M' ST water treatment plants Table 1. The conventional method re- 
maintain monthly or weekly quires two columns for each portion of 
summary records, copies of which are the series; one for the 24-hr positive 
frequently submitted to the state de- tubes, and a second for the 48-hr 
partment of health. Such record positive tubes. Each column must be 
sheets are usually either large and wide enough to accommodate three 
awkward to handle and store, or pro- digits, or the data become crowded 
vide inadequate space for legibly re- and illegible. These columns accom- 
cording the data. In many instances, modate the presumptive tests only; the 
the size of the record sheets could be same space is required for the con- 
reduced and the data made easier to firmed results. The use of this com- 
examine and interpret—the MPN col- plex form leads to erroneous record- 
umn, for example, is one that could ing, errors in reading the results to 
profit by reduction and clarification. compute the MPN, and excessive bulk. 
This problem of space and clarity : 
has been solved by the Flint, Mich., Method at Flint 
water treatment plant. The conven- The method employed at Flint, 
tional or most common type of column shown in Table 2, requires only one 
for recording MPN data is shown in column for the 24-hr positive tubes 


TABLE 1 
Conventional Recording Sheets for MPN Data 


Raw Water 
Presumptive (Lactose Broth) Confirmed (BGB) 
umpti a 
No. of Tubes in Series No. of Tubes in Series i> 
> 
Date 5 5 5 | 5 MPN of S 5 5 5 MPN of 
- Coliform - Coliform 
10 ml 1 ml 0.1 ml | 0.01 ml 10 ml 1 ml 0.1 ml | 0.01 ml 
24 | 48 | 24 | 48 | 24 | 48 | 24] 48 24 | 48 | 24 48 | 24 | 48 | 24 | 48 
hr | hr | hr | br | hr | hr | hr | hr hr | hr | hr | hr | hr | hr | hr | hr 
1 | 5/5) 5/5) 5/5) 5/5) 5/5) 5/5) 3/5 3/5 9,200 |5/5|5/5| 4/5) 3/5|3/5|0/5|0/5| 280 
2 13/5) 5/5| 4/5) 4/5) 2/5) 0/5) 0/5 280 | 2/5|4/5| 3/5) 1/5) 3/5) 0/5) 0/5 45 
14/5/5/5| 3/5|4/5| 1/5|1/5 0/5) 0/5| 170 79 
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TABLE 2 
Recording Sheets Used at Flint, Mich., for MPN Data 


E. J. MIDDLEBROOKS & G. WALTON ni Jour. AWWA 


Raw Water 
Presumptive (Lactose Broth) Confirmed (BGB) 
Date 
5-Tube Series* MPN of 5-Tube Series* MPN of 
— 
24-hr 48-hr rganisms 24-1 48-1 rganisms 
Positive Positive Positive Positive 
1 55.53 $5.53 9,200 54.30 54.30 2800 
2 34.20 54.30 280 23.10 43.30 oe 
3 43.10 54.10 170 32.00 53.00 79 
*10-, 1-, 0.1-, and 0.01-dilutions recorded together. 
and one column for the 48-hr positive tions in the 0,001-ml dilution, two 
tubes. Within each column the dilu- positive portions in the 0.0001 ml- 
tions of the series are recorded to- dilution, and no positive portions in 


gether, making the data easy to record 
and read. The number of tubes in 
the series of dilutions is recorded at 
the head of the column. Only the 
positive tubes are recorded, with a 
decimal place denoting the sizes of 
the portions planted. The location of 
the decimal point must be given care- 
ful attention, as the interpretation of 
the data depends on it. This system 
of recording bacteriological data gives 
the volumetric summation of the por- 
tions that test positive, but it requires 
that the dilutions be multiples of ten, 
and the number of portions is limited 
to nine tubes per dilution. 

With the smallest dilution 0.1 ml or 
less in volume the results would be 
recorded as shown in Table 3. in which 
the “X” is used to indicate the proper 
location of the decimal point in order 
to show the size of the portions 
planted. On the first day in the 24-hr 
positive column, for example, “X” 
indicates no plantings in the 1.0- and 
0.l-ml dilutions. Plantings were 
started at the 0.01-ml dilutions. The 
remainder of the numbers posted show 
there were five positive portions in 
the 0.01-ml dilution, five positive por- 


the 0.00001-ml dilution. 

There are both advantages and limi- 

tations in this new system of recording 


Conclusions 


rABLE 3 


Typical Recording of MPN Data With ~~ 
Smallest Dilution 0.1 ml or Less — 


Presumptive (Lactose Broth) 


5-Tube Series MPN oi 

Coliform 
Date 
24-hr 48-hr 

Positive Positive 

1 X.X5520 X.X5530 790,000 
2 X .5430 X .5430 28,000 
3 X .X5300 110,000 


MPN results. Entries are simplified 
and readability improved; errors in 
recording data and computing MPN 
are avoided; the space required is re- 
duced, as is the time required to study 
and interpret data. On the other 
hand, the series of tubes is limited to 
nine plantings of each dilution, and the 
system must be used with dilutions 
that are multiples of ten. 
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— Use of Activated Silica in Water for 
Textile Finishing 


A paper presented on Nov. 9, 1956, at the Virginia Section Meeting, 
by Frederic A. Prisley, 


Old Point Comfort, Va., 
Brookneal Mills, Brookneal, Va. 


HE term activated silica, according 

to a good authority (/) designates 
negatively charged colloidal particle 
formed by the reaction of a dilute so- 


dium silicate solution with a dilute 
solution of an acidic material. At- 
tempts were made to employ these 


rather common materials as aids for co- 
agulation as long ago as 1884, but the 
first successful large scale efforts were 
made about 1937 by J. R. Baylis (2) at 
Chicago and by Graf and Schworm 
at St. Louis. 

It was found that the use of acti- 
vated silica would, under proper con- 
ditions, increase the speed of forma- 
tion of alum floc as well as the size, 
density, and strength of the floc. It 
vas the prospect of increasing the 
density of the floc which led to the 
trials made at the filtration plant which 
supplies processing and steam genera- 
ion water for the dyeing and finishing 

ant. The filter plant is also the only 
vater supply for the town of Brookneal. 


Brookneal Filter Plant 


The raw water comes from the Fall- 
x River and is pumped nearly a mile 
om the river to the filter plant. 
1ere is a settling basin for each filter 
d these allow about 4 hr detention 
normal rates. The raw water is 
‘ated with alum and soda ash as it 
sses through the filter plant, enters 
flash mixer in the plant, and flows 
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Head Chemist, 


by gravity to a mixing and flocculation 
section containing over-and-under baf- 
fles before it enters the settling basins. 
There are two filters (with anthracite 
filter medium and Wheeler bottoms) 
from which the water flows into a 
2-mil gal storage tank. There is an 
equalizing line to a suction well from 
which the mill and the town are sup- 
plied. The water is quite soft, con- 
tains only a trace of iron, and the alka- 
linity is usually low. 

During the warm months no diffi- 
culty is encountered other than the 
usual problems connected with han- 
dling of the gross and rapid changes 
in turbidity and alkalinity which some- 
times occur with no warning. The 
plant arrangement is such that the 
water is not seen until after it had been 
treated, and this sometimes creates a 
problem. The river drains an agricul- 
tural area and heavy rains cause a 
great deal of runoff. Depending on 
the time of year, alkalinity and chlo- 
rine demand vary considerably. Occa- 
sionally, as an example of the kind of 
problem encountered, a peculiar re- 
action takes place in the baffle section: 
the treated water enters the baffles at 
its normal pH of 6.1 or 6.2, but comes 
out at a pH of 8.6, with no floc. 

By November each year the com- 
bination of low turbidity and colder 
water begins to make coagulation and 
settling a more difficult problem. 
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The consumption of water by the 
mill is usually slightly greater than 
production, and the 2 mil gal in the 
storage tank would not supply the mill 
for very many hours if filtering had 
to be stopped. This necessitates a 
schedule of filter operation at maxi- 
mum rate around the clock and, in the 
event of poor coagulation or settling, 
filter rates cannot be cut back, even 
though this would aid settling by in- 
creasing the detention time. This also 
means that backwashing must be kept 
to a minimum. 

As the turbidity and water tempera- 
tures decrease, good coagulation be- 
comes very difficult and the small light 
floc tends to float rather than settle. 
Heavy rains seldom occur during the 
winter and the water characteristics 
change very little. .\ setting on the 
feeders may continue for weeks with- 
out any necessity for a change. 

The filter runs, before the use of 
activated silica, averaged 39 hr for 
November, 31 hr for December 1954, 
and 61 hr for January 1955. With the 
probability of increasing consumption 
of water for all purposes during the 
next winter, it was indicated that 


some remedy was needed. 


Experience in various water plants 
using activated silica sol, as described 
in the literature, gave some hope that 
benefits could be derived from its use.* 
Three or four jar tests were enough to 
give convincing evidence that activated 
silica sol would probably be effective. 
The silicate used is designated as PON 
Sol A, and the process is known gen- 
erally as the N-sol process. 


Trial Run 


* Samples of the activated silica sol were 
supplied by the Philadelphia Quartz Com- 
pany which controls its use. 


A flash mixer in the raw water line, 
with the weir in the feeder room floor, 
provided a convenient place to add the 
sol. The water at that point has re- 
ceived the alum, soda ash, and chlo- 
rine from the prechlorinator. This 
seemed to meet one of the require- 
ments for the best use of the sol— 
namely that the sol be added just after 
the floc begins to form. It also elimi- 


Fig. 1. Activated Silica Generator 


nated any mixing equipment, as the 
flow over the weir provided adequate 
mixing. 

Procedure for the trial run included 
neutralization of the silicate with am- 
monium sulfate solution by the batch 
method, in which 55-gal open-head 
drums were used for the solution and 
the sol, and feeding was done by hand 
with 2-qt dippers. The feed rate was 
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determined by jar tests and the solu- 
tion was poured into the flash mixer 
accordingly. This trial ran for 9 or 
10 hr on 2 successive days with amaz- 
ing results, which left no question 
about the effect on the floc—from the 
standpoint of size and settling rate. 


Permanent Use of Sol 


The next steps included a considera- 
tion of the various methods for using 
the sol as a permanent operation, and 
it was decided to try the system which 
uses chlorine as a neutralizing agent. 
This fit the situation better than the 
batch methods with respect to avail- 
able spaces, general plant layout, and 
operating schedules. 

The equipment consists of a small 
chamber for dissolving the chlorine 
together with devices for close control 
of the rate of flow of the water. The 
chlorine solution is then added to the 
silicate solution in a mixing tank (1.1- 
gal capacity) supported by the frame 
of the activated silica generator * shown 
in Fig. 1. The silicate is pumped di- 
rectly from the drum as received to the 
mixing tank by a diaphragm pump, 
with the rates of flow closely controlled. 

The equipment required very little 
work to put into operation, other than 
that for piping and for installation of 
a manifold for feeding chlorine from 
150-Ib cylinders. A rubber hose was 
used for a temporary dosage line be- 
cause there was a question about the 
point at which to add the sol. As 
mentioned before, the sol should be 
well mixed with the raw water before 
there is very much floc formation, 
and this and other considerations re- 
sulted in the placing of all the equip- 

* The generator used was a WT Silicator, 

product of Wallace & Tiernan, Inc., Belle- 

lle, N.J. 
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ment, temporarily, near the flash 
mixer, 

The operation of the equipment was 
found to be fairly simple and there 
was no great difficulty in making the 
jar tests with sol solution and con- 
trolling the rates of feed. Charts are 
furnished so that the proper amounts 
of silicate and chlorine are readily de- 
termined once the jar test results show 
the amount of sol required. Activated 
sol solution for jar tests was prepared 
with ammonium sulfate as a neu- 
tralizer, and it is still prepared this 
way every day. There is very good 
correlation between the results of jar 
tests using sol made with ammonium 
sulfate, and the results in the raw 
water using sol made with chlorine. 


Results 


The floc now settles in the first half 
of the basins, and the water going into 
the filters contains little or no floc— 
except during periods of very lowest 
temperatures and turbidities or during 
periods when, because of changes in 
raw water characteristics, the alum, 
soda ash, and sol feed rates require 
changes. 

The first winter with the sol was 
rather cold, and ice was present on the 
basins for several weeks at a time. 
The records show, however, that the 
backwash frequency was reduced by 
half over the previous winter season, 
November to April. 

It was found also, if further evi- 
dence is needed of the efficiency of the 
sol, that, instead of cleaning the basins 
every 3 months, which was normal 
over the years since the plant was 
built, it was necessary to dump and 
clean at least every 4 weeks. 

Because the water coming into the 
filters was free from floc almost all the 
time, it was decided to run trials to 
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determine what would happen if filter 
rates were increased. There have been 
many studies of high filter rates re- 
cently, with very interesting results 
reported. 

Trials have been run for extended 
periods with filter rates as high as 3.1 
gpm per square foot. Higher rates 
than those could not be reached simply 
because the raw water pump at the 
river could not supply more than 2,250 
gpm. There is every reason to believe 
that if the water were available, 4 gpm 
per square foot could be handled with- 
out sacrificing any quality in the fin- 
ished water. The lowered detention 
time does not affect the settling in the 
basins, and the increased rate through 
the baffles does not change the quality 
of the floc. The tests for bacteria show 
satisfactory water. 

These trial runs have been made 
under all conditions of raw water, in- 
cluding high chlorine demand. Trial 
under conditions of minimum tempera- 
ture will be run in the next 2 or 3 
months. At no time was it found 
necessary to backwash before the 
standard 100-hr filter run was reached. 

A change has been made in the origi- 
nal design of the basins which helped 
a great deal in the overall operation. 
The water formerly entered the set- 
tling basins at an angle which caused 
short circuiting and consequent low 
efficiency. The engineers who de- 
signed the basins suggested the instal- 
lation of vanes which changed the di- 
rection of the discharge into them and 
eliminated the short circuiting. It is 
hoped that next winter’s filter runs 
will better those of last winter because 
of the vanes. 

The amounts of sol required range 
from 2.5 ppm to 5 ppm. It was found 
that the silica generator is capable of 
such control that changes of 0.5 ppm 
wee 
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or less are practical, and, at times, these 
small amounts do make a great differ- 
ence in the floc. This is particularly 
true when a small excess is supplied to 
the raw water. The floc becomes very 
large, settles very rapidly but does not 
remove all the color, which is to be 
expected. 

There is one effect which is not 
very serious, but must be noted. At 
those times that a low chlorine de- 
mand is coupled with low turbidity, 
the relatively large amount of sol re- 
quired to form good floc uses more 
than is necessary and chlorine residuals 
rise to slightly higher than normal fig- 
ures. This is a minor evil, however, 
and no one suffers as a result of it. 


Other Effects 


More is learned about the sol as its 
use continues, and recent experiences 
include some interesting effects brought 
about by changing the point of appli- 
cation of the sol. It should be men- 
tioned here, that at the end of the 
trial period allowed by the manufac- 
turer, the generator was set up in a 
permanent location, in the room with 
prechlorinators postchlorinators. 
This is some distance away from the 
flash mixer, and the generator dis- 
charge was piped to the main carrying 
the water from the flash mixer to the 
baffles. The point of addition was 
about a foot down the line from the 
mixer at the bottom. 

This arrangement worked very well 
for a while but, during shut downs on 
Sundays, the sol remaining in the pipe 
became a hard mass. So much was 
deposited finally, that the resulting 
back pressure reached the point where 
the silica generator was rendered in- 
operative. A long hose was then run 
from the generator to the original place 

tion, the flash mixer. Here 
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there is a choice of adding to the water 
coming up before going over the weir, 
or of adding on the other side of the 
weir to the water going down. The 
interesting fact is, that addition at one 
of these locations sometimes gives bet- 
ter results than at the other. 

The following data from the daily 
log will illustrate: on Sep. 25, 1956, 
turbidity was 18 ppm, at a water tem- 
perature of 60°F. Settling of the floc 
was poor, alum was being fed at 51 
ppm, soda ash at 43 ppm, and sol at 
5.5 ppm. This high rate of sol addi- 
tion was being used to increase settling, 
and was being added to the upside 
of the mixer. The hose was moved 
to the other side of the weir and the 
floc at once became heavier and set- 
tled fast, but left some color. The sol 
dosage was reduced to 4+ ppm, with 
the result that the floc then settled 
rapidly, was smaller, and the color dis- 
appeared. The cause of this is not 

r and is being studied further. 
.n addition by the plant engineer 
f some significance. At tempera- 
‘s below 50°F in the water supply 
he generator, ice was found to form 
he chlorine solution chamber and, 
use no convenient hot water sup- 
was available to maintain tem- 
atures over 50°F, a line made of 
ng was led from an adjacent steam 
to a steam trap in which a coil 
made of the tubing and then run 
1 drain. The water line was then 
nected to the trap and produced 
er as warm as was needed. 


USE OF ACTIVATED SILICA SOL 


463 


Servicing 


The generator requires very little 
servicing other than a daily cleaning 
of the mixing tank in which the sili- 
cate is neutralized by the chlorine 
solution. This tank is readily removed 
and replaced. Cleaning includes shut- 
ting down, purging the system of chlo- 
rine, removing the tank and installing 
an alternate tank which has been previ- 
ously cleaned. Since the amounts of 
alum and soda ash being added are 
sufficient to produce a floc without 
sol, the raw water flow is not stopped 
and no trouble results from the elimi- 
nation of the sol for the 15-min maxi- 
mum required to change the tank. 

The cost of this improvement in co- 
agulation is very low. The silicate at 
amounts of 2.5—5.0 ppm costs about 3 
cents per pound. The chlorine used 
for neutralizing the silicate is com- 
pletely available for purification and 
thus represents no added cost. 

The benefits derived have been very 
great, and experience with the sol to 
date seems to indicate that in the future 
many other filtering problems will be 
solved with the assistance of activated 
silica sol. 
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N investigation of the water- 

bearing properties of limestone 
and dolomite strata in western Ohio 
was started recently by the USGS in 
cooperation with the Water Division 
of the Ohio Department of Natural Re- 
sources. The principal objective of the 
investigation is to appraise these rocks 
quantitatively as aquifers, as it is felt 
that, within the next few years, many 
Ohio cities and manufacturing plants 
will grow to the point where their 
water needs will approach the limits of 
productiveness of the aquifers—locally, 
at least. The investigation may be of 
importance also in the appraisal of re- 
sources other than water, in that the 
hydrologic properties of the limestone 
and dolomite rocks may hold the key 
to more accurate methods of subsurface 
geologic mapping than those commonly 
in use. 

Limestone and dolomite are the prin- 
cipal sources of ground water in much 
of western Ohio. These aquifers are 
the source of about 10 per cent of the 
ground water pumped in the state— 
approximately 75 mgd—from an esti- 
mated 100,000 wells. Most of the 
pumpage is from approximately 500 
municipal and industrial wells which 
range 100-400 ft deep and yield 100- 
350 gpm each. Most large ground 
water supplies from limestone and 
dolomite aquifers in the area produce 
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0.1-0.5 mgd obtained from one well or 
a group of closely spaced wells; a few 
produce 0.1-1 mgd. The two largest 
are those of an oil refinery at Lima, 
where a total of approximately 4 mgd 
is pumped from about a dozen wells, 
and the Marion water works, whose 
pumpage from 15 wells averages about 
3 mgd. 

Ohio’s principal limestone and dolo- 
mite aquifers, which underlie nearly all 
the western half of the state, are beds 
of the Niagara and Cayuga groups of 
Silurian age and the Columbus and 
Delaware limestones of Devonian age. 
These carbonate rocks range in color 
from nearly white to dark brown, in 
texture from coarsely crystalline to 
dense, and in composition from 99 per 
cent calcite (CaCO,) to nearly pure 
dolomite (CaCO,:MgCO,). In aggre- 
gate thickness, the rocks range gener- 
ally from about 200 ft in western Ohio 
to about 800 ft in the central part of 
the state. The attitude of the beds is 
controlled by the north-plunging Cin- 
cinnati arch which is the most promi- 
nent structural feature of western Ohio 
and trends almost north-south between 
Toledo and Cincinnati. From the crest 
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of the arch the beds dip at low angles 
westward into Indiana, northward into 
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Michigan, and eastward into eastern much less in western Ohio. Deep 


Ohio, West Virginia, and Pennsylvania. 

Practically the entire outcrop of the 
carbonate rocks is within the area cov- 
ered by Pleistocene glaciation. The 
general level of the bedrock surface 
declines from about 1,000 ft above sea 
level in the vicinity of Springfield, in 
west-central Ohio, to about 850 feet 
above sea level near Columbus, in the 
central part of the state. The glacial 
deposits are generally 50-200 ft thick, 
although in buried valleys the thickness 
locally may exceed 500 ft. In west- 
central Ohio an erosional remnant of 
Devonian rocks lies on the drainage 
divide between the Miami and Scioto 
rivers. This buried monadnock is cov- 
ered by deep drift, and one hill of drift 
(1,540 ft above sea level) is the high- 
est point in Ohio. 

Buried drainage courses which tra- 
verse the limestone terrane in western 
Ohio relate chiefly to two erosion 
cycles, both interrupted by glacial 
events. The earliest drainage system, 

ed the Teays, received the waters 

the Kanawha basin in late Tertiary 

e (1) and the master stream me- 
ndered across northwestern Ohio in 

entrenched valley at least 400 ft 
low the surface of the Lexington 

neplain. The Teays drainage sys- 
was interrupted by an ice advance 

y in Pleistocene time, possibly the 

isan stage. This early ice advance 

sed lakes to form in the Teays Val- 
and its principal tributary valleys. 

» lakes overflowed eventually and 

ted the deep stage drainage sys- 

Deep stage streams flowed gen- 
ly southward to the Ohio Valley 

, in most areas, cut below the Teays 

1, the remnants of which survive as 

aces. Though maximum degrada- 

below Teays levels was as much as 
ft near Cincinnati, it was generally 
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stage valleys in some areas are at a 
higher elevation than Teays stage 
valleys. 


Ground Water 


Most wells drilled into the carbonate 
rocks in western Ohio obtain water in 
the top few feet of the bedrock from 
a weathered layer which was vroduced 
largely by solution when the rocks were 
exposed at the surface. In places, the 
weathered layer is as much as 50 ft 
thick. Generally, when wells are 
drilled deeper than the weathered layer, 
the yield does not increase appreciably 
until deeper zones of relatively high 
permeability are encountered. These 
“permeable zones” serve as important 
avenues of circulation in the carbonate 
rocks. Permeable zones may occur 
along bedding planes or at disconformi- 
ties between successive rock strata. 
Changes in permeability laterally may 
result from facies changes—gradational 
changes in the composition and texture 
of the rocks. The permeable zones are 
often only a foot or so thick and when 
productive they are usually reported by 
the driller as “veins.” One such per- 
meable zone, perhaps the most produc- 
tive in Ohio, occurs near the top of the 
Niagara group, at the horizon of the 
Newburg sand zone of the drillers. 
Brine from the Newburg zone in oil- 
and gas-producing areas is known to 
the drillers as the “Big Water” or 
sometimes “Second Water in the Big 
Lime” (2). Recently developed evi- 
dence suggests that the Newburg ex- 
tends as a zone of high permeability 
over much of western Ohio where it 
is reported generally as a water stratum 
(3). Permeable zones are recognized 
at other places in the carbonate rocks 
in Ohio, but none is believed to be as 
productive as the Newburg zone. 
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In general, recharge to the principal 
carbonate-rock aquifers is by seepage 
through the overlying glacial deposits. 
The Newburg and other permeable 
zones probably receive recharge prin- 
cipally at their outcrops which, in some 


7 areas, is along the walls of buried val- 
leys. 


The natural discharge of water 


in the weathered layer is controlled by 
the surface streams. 


4 


more than about 125 gpm, 


northwestern Ohio, 


Most of the zones 
of circulation below the weathered 
layer also discharge naturally into the 
streams. Some permeable zones, where 
deeply buried, discharge through verti- 
cal leakage along joints or faults. This 
is true of the Newburg zone in eastern 
Ohio. 


Wells 


The carbonate rocks are dependable 
sources of water supply for farm or 
domestic use in all parts of western 
Ohio. Yields of 5-10 gpm are gener- 
ally available from wells drilled into 
the upper few feet of these rocks. 
Wells drawing principally from the 

weathered layer ordinarily yield no 
although 
exceptional wells yield as much as 200 
gpm. Wells drilled below the weath- 
a ered layer may yield appreciably more 

water if they encounter a permeable 
- zone such as the Newburg. Wells in 
the Newburg zone in central Ohio 

— yield 450-500 gpm. At Lima, in 
yields from the 
Newburg commonly range to 400 gpm, 
and one well yields 650 gpm, the largest 
reported yield from carbonate rocks in 
the state. 

The average specific capacity of 48 
farm and domestic wells drilled into 


R he top few feet of the carbonate rocks 


in Greene County, west-central 
Ohio, is 2.3 gpm per foot, based on 
short acceptance tests. These wells 
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were not drilled below the weathered 
layer. The specific capacities of well 


tapping permeable zones below th 
weathered layer generally are 10 gpn 
per foot or greater. Specific capacities 
ranging to more than 50 gpm per foot, 
based on pumping tests of severa 
hours’ duration, have been reported for 
wells in the Newburg zone, but sucl 
figures do not indicate accurately the 


perennial yields of these wells. Re 
ports from drillers indicate that the 
specific capacities of limestone wells 


commonly fall off rapidly above a criti 
cal pumping rate. 

Pumping tests of 24- or 48-hour 
duration wells in limestone anc 
dolomite in Ohio have been inconclu 
sive. No test has been continued long 
enough to define principal aquifet 
boundaries. Values of the transmissi 
bility coefficient obtained from these 
tests have been unrealistically high 
The principal factor that complicates 
the analysis of well interference data is 
the mixing of the flow from two or 
more water-bearing zones having dif- 
ferent hydraulic characteristics. Wells 
drilled into the limestone and dolomite 
deposits rarely are cased below the top 
of the bedrock. The typical well is fin- 
ished as an open hole in the limestone 
first penetrating the weathered layer 
where water may occur under atmos- 
pheric or low artesian pressure, and 
continuing through a considerable sec- 
tion of impermeable rock to a deep- 
seated permeable zone in which water 
may be confined under considerable 
hydrostatic pressure. The water from 
this lower zone rises in the well and 
mixes with the water in the weathered 
layer. The water level in the well re- 


on 


flects an integration of pressure and 
permeability conditions in the 
contributing strata. 
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standpoint, these conditions limit the 
ise of quantitative methods based on 
the nonequilibrium formula of Theis 
(4) or other equations based on homo- 
geneous, isotropic systems. 

Present knowledge of the hydraulic 
properties of the carbonate rocks in 
western Ohio suggests that the local 
upper limit of yields from these de- 
sits, under present methods of de- 
velopment, does not exceed the 3-4 
ngd already achieved in a few of the 
nore productive areas from groups of 
wroperly spaced wells. This conclu- 
ion is based on conditions at Lima 
ind at Marion where pumping of this 
nagnitude for several years has re- 
ulted in significant decline in water 
evels and excessive declines in the 
rields of a growing number of wells, 
necessitating their abandonment and 
eplacement. 


Springs are numerous in the lime- 
tone and dolomite rocks in western 
Yhio, commonly issuing along the sides 
f valleys from fissures at the base of 
vermeable beds where ground water is 
leflected to the surface by underlying, 
ess permeable, beds. The base of the 
Brassfield limestone of Silurian age is 
n important spring zone in western 
Mhio where it is exposed in contact 
vith the underlying Ordovician shales. 
‘he larger springs at this contact flow 
onsistently at rates up to 200 gpm. 
Mther prominent springs in western 
Yhio issue at the bases of the Laurel 
olomite and the Euphemia dolomite 
f Foerste (5), and from the Spring- 
eld limestone and the Cedarville dolo- 
1ite—all of the Niagara group. 

One of the best known limestone 
prings in Ohio is Yellow Spring, lo- 
ated in Greene County near the site 
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of Antioch College. The water of Yel- 
low Spring issues near the top of the 
gorge of Yellow Spring Creek from a 
fissure in the Cedarville dolomite. The 
flow of Yellow Spring has ranged from 
60 to 80 gpm. 

The largest limestone spring in Ohio 
is the Blue Hole at Castalia, about 3 
miles south of Sandusky Bay. The 
Blue Hole is 75 ft in diameter and 45 ft 
deep. Outflow from the spring aver- 
ages about 5,000 gpm. The source of 
the water is Upper Silurian and Middle 
Devonian rocks which crop out be- 
neath a thin cover of drift to form the 
highlands south of Castalia. These 
rocks are highly pitted with sinkholes 
over a 150-square mile area which has 
no well developed surface drainage. 
Many of the sinkholes lead into sizable 
caves, and most wells in the area 
encountered fissures and underground 
streams. The water has several points 
of emergence, other than the Blue 
Hole, along the old Lake Erie shore- 
line. The discharge from the so-called 
upper springs has been estimated by 
Ver Steeg and Yunck (6) at 25,000 
gpm, making a total outflow in the 
area of 30,000 gpm or 43 med. 


Water Quality 


Water from the carbonate rocks in 
Ohio is characterized generally by its 
excessive hardness and _ troublesome 
iron content. Of 89 samples analyzed 
by the USGS, approximately half 
ranged between 300 and 500 ppm in 
hardness. Thirty-one samples were 
above 600 ppm in hardness, and in six- 
teen samples the hardness was greater 
than 1,200 ppm. Most samples having 
a hardness above 600 ppm were high 
in calcium sulfate. The iron content 
in 41 of the 89 samples was between 
0.1 and 1.0 ppm. Thirty-nine samples 
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contained more than 1.0 ppm of iron, 
and in nearly half of these the iron 
content exceeded 3.0 ppm. In only 
nine of the 89 samples was the iron 
content below 0.1 ppm. 

Within recent months, numerous 
samples of ground water from western 
Ohio were collected and analyzed for 
fluoride content. In 58 of 276 samples 
the fluoride content was below 0.5 ppm. 
The fluoride content in 180 samples 
ranged between 1.1 and 2.0 ppm, and 
in 37 samples the fluoride content was 
between 2.1 and 3.0 ppm. One sample 
contained more than 3.0 ppm of 
fluoride. 


Conclusions 


An important point in intensive in- 
vestigation of the water-bearing prop- 
erties of the limestone and dolomite 
rocks is determination of the character 
and extent of the zones of relatively 
high permeability. 


Perhaps some of 
these zones can be identified at the 
outcrop; if not, electrical logging and 
current meter tests in wells may be 
useful in locating these zones and in 
tracing them laterally from well to well. 

Experimental pumping tests should 
be made in an effort to find better 
methods for extrapolating the results of 
short-term tests in terms of the total 
quantity of water available from the 
limestone and dolomite rocks at desig- 
nated sites. Various methods of ana- 
lyzing the test data must be tried, with 
the object of developing concise proce- 


dures for quick quantitative evaluation. 
An important problem to be solved, 
relative to water quality, is that of 
finding the source of the calcium sul- 
fate which, in some areas, makes 
ground water unfit for most uses. If 
the source can be established, perhaps 
the calcium sulfate water can be 
avoided without the necessity of first 
drilling and then abandoning costly 
test wells, or, possibly, ways can be 
found to reduce the effects of the cal- 
cium sulfate as a contaminant of the 
ground water. 
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Engineers in Short Supply 


Nathaniel J]. Kendall — 


A paper presented on Oct. 26, 1956, at the California Section Meeting, 
San Diego, Calif., by Nathaniel J. Kendall, Chief Engr., San Jose 


Water Works, San Jose, Calif. 


HO will get the Class of 1957? 
Everybody is looking for engi- 
The engineer supply and de- 
and situation is clearly out of bal- 
nce. Times have changed since the 
epression days when many engineers 
ere employed at filling stations (if 
they were lucky). 7 
Engineer Demande 
Now the technical journals and even 
ie Sunday papers carry page after 
uge of enticing appeals. A _ recent 
sue of Scientific American, for exam- 
le, carried 30 employment ads, most 
f them a full page each. The prestige 
f the engineer in the United States 
jay not be all that some educators 
ould like it to be, but the engineering 
fe apparently has its compensations. 
For instance, one well-known corpo- 
ition states in its advertisement : “. 
igineers wanted—looking for engi- 
eering adventure, achievement, ad- 
ancement? Then investigate our pro- 
ram. . . . Here you will explore new 
ontiers of knowledge, have innumer- 
le opportunities to do truly creative 
linking. And because ours is a pro- 
ressive organization, you may be cer- 
in your ideas will be welcomed—rec- 
mnized—rewarded. Attractive salary 


neers. 


vels, advancement opportunity, secu- 
ty and extra benefits, unexcelled facili- 
es, pleasant ... living... .” Others 
ress conditions reminiscent of those 
ut forth by land developers and prom- 
excellent 


99 66 


e “ideal suburban living, 


=" 


cultural activities,” “access to moun- 
tains, lakes and sea.” With all other 
advantages, a well-adjusted engineer 
won't have any time for brooding 
about recognition. 

In addition to the written appeal, 
drum beaters ride the engineering 
school circuit each spring to lure the 
undergraduates into their firms. Never 
before has so much money been spent 
on hiring an engineer, nor so much 
money offered as a starting salary. 


Job Selection 


All the world was waiting for the 
graduating engineer last June. Job- 
hunting was almost unknown. Job 
selection was the senior’s problem. 
Such job enticements as starting pay 
over $600 per month (aircraft), liberal 
moving allowances, and further educa- 
tional opportunities (company school 
or other university ) made job-choosing 
a real problem for the senior. 

How do employers stand? At San 
Jose State College, Calif., there were 
60 engineering seniors ; 100 firms from 
as far as 400 miles away requested and 
made arrangements with the school for 
interviews ; 30 companies made the ef- 
fort in vain—no students showed up 
for interviews. 

One of the outstanding placement 
services is that at Georgia Tech which 
has a list of 8,327 companies and gov- 
ernmental agencies, and has arranged 
for 26,612 individual interviews and 
10,000 plant trips by engineering stu- 
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In the meanwhile, the duPont 
company combs 175 college campuses 
yearly, and Western Electric, 125. 
The Engineering Societies’ Employ- 
ment Service recently had 3,000 job 
openings for which they were able to 
find 600 applicants and were able to fill 
only 106 of the 3,000 jobs. 

Most government services, with their 
limitations of pay and promise, had to 
be content with about half of their re- 
quirements in the competitive fight for 
the Class of ’56. Some utilities fared 
worse. It is reported that one of Cali- 


dents. 


TABLE 1 


Wage Differential, Construction Workers 
and Engineers 


Hourly Rate-$ 


Profession 
Common laborer 
Carpenter 
Iron worker 
Electrician 
Bricklayer 
Plasterer 
Steam-fitter 


Junior civil engineer, drafts- 
man or engineer trainee 

Asst. civil engineer, jr. 

Asst. civil engineer, sr. 

Senior civil engineer 


fornia’s largest utilities was unable to 
hire a single graduating engineer in 
June 1956. This situation will become 
worse in the future for fewer children 
were born in the early 1940's. 

What does the graduating senior 
seek? One school listed their seniors’ 
desires, in order of importance to them, 
as: [1] opportunity to learn ; [2] inter- 
esting work; [3] good salary; [4] 
advancement opportunity ; [5] desirable 
living conditions; [6] personal accom- 
plishment ; [7] opportunity for admin- 
istrative responsibility; and [8] job 
security. 
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To meet the increasing competition 
of business, industry, consultants, and 
contractors, most governmental agen- 
cies and utilities will have to change 
their way and become competitive to 
stay in the market. These changes will 
come about eventually, as such changes 
usually do, slowly and over a period 
of years. 

A survey conducted by a large life 
insurance company noted that place- 
ment officials are alarmed by the “fan- 
tastic” bidding for engineers. Recruit- 
ing has been so heavy in some schools, 
it is reported, that even classroom ses- 
sions were hampered and instructors 
hired away. It is also hurting the 
morale of graduates employed in previ- 
ous years, whose advancement pay has 
not kept pace. A significant compari- 
son is between construction workers’ 
and engineers’ hourly rates of pay as 
shown in Table 1. 

This is not a good situation—it 
should not take 6-8 years for engineer- 
ing talent to reach pay levels of skilled 
construction workers. 


Quantity Available 


What can be expected from the uni- 
versities and colleges concerning the 
number of potential engineering gradu- 
ates? In 1950, a peak of nearly 53,000 
engineering graduates was reached in 
the United States. Since then, year 
after year, the supply has diminished : 
42,000 in 1951 ; 30,000 in 1952; 22.500 
in 1955; 22,000 in 1956; and ? in 1957. 
It is significant to note that in 1956, 
2,000 fewer freshmen students entered 
engineering curricula than in 1955. 
Thus, during years of increasing over- 
all employment, the need for engineers 
has risen each year; today the need is 
greater than 35,000 new engineers a 
year. Contractors, for example, ac- 
cording to the Associated General Con- 
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tractors of America, need 4,000 engi- 
neers a year (preferably civil engi- 
neers). The total output of civil 
engineers was 4,400 in June 1956. Es- 
timates of the actual present engineer- 
science shortage range from the Ameri- 
can Association for Advancement of 
Science’s 40,000 to ex-President Hoo- 
ver’s 90,000. 


Secondary School Problem 


This is not a very rosy picture for 
employers of engineers, but some stop- 
gap measures are being used to ease 
the situation. None of them really 
goes to the heart of the problem or 
seeks a permanent solution. The last- 
ing cure must take place earlier than 
college graduation. There is need for 
better teamwork between those authori- 
ties in high schools and colleges who 
are responsible for vocational guidance, 
and those experts in industry and gov- 
ernment whose business it is to prog- 
nosticate their rate of growth. There 
has to be a great improvement in guid- 
ance techniques and activities, coupled 
with intensified recruiting into science 
and engineering courses. The race for 
technological supremacy between the 
United States and Soviet Union (since 
1928, the United States has produced 
480,000 scientists and engineers—Rus- 
sia 682,000), demands a determined 
effort must be made to interest teen- 
agers in engineering and science. 
Many teenagers tend to look down on 
the scientific and engineering type as 
queer bookworms. Suggested methods 
of remedying this is by using mass 
media (radio, TV, news), use of scien- 
tists and engineers from industry to 
teach for 1 year with pay in the public 
schools, or more liberalization of the 
summer job restrictions to allow high 
school students to get a taste of engi- 
neering and the sciences. 
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There has occurred a shift of em- 
phasis in high school curricula to less 
mathematics and science courses (1,000 
high schools dropped physics and 
chemistry courses for lack of teachers 
or students in 1955), fundamental pre- 
requisites for entrance to any engineer- 
ing college. If continued, the number 
and quality of entrants to engineering 
schools will decrease (Fig. 1). 

Although the enrollment of the 
schools has increased sharply during 
the past 10 years, the annual number 
of students studying subjects such as 
trigonometry, solid geometry, physics, 
and advanced physical science has de- 
creased more than 40 per cent. If an 
effort is made to remedy this situation 
by inducing more high school students 
to study pre-engineering subjects, the 
educational system eventually will 
catch up on the shortage of engineers. 
One of the basic troubles in the high 
schools is the lack of teachers in the 
pre-engineering subjects, for these 
courses cannot be given without suit- 
able teachers. Ways must be found to 
overcome this crisis. One has already 
been mentioned—persuading local en- 
gineers and scientists to become part- 
time teachers. Other methods that are 
being tried and used throughout the 
country are: television on open circuits 
(Economy TV-1 and Psychology TV-1, 
now on Station KQED, San Fran- 
cisco) or closed circuit (one teacher 
can cover more than one class or 
school) ; raising teacher incomes; pro- 
fessional recognition of teachers early 
in their careers; summer jobs open- 
ings to teachers ; increased participation 
in PTA and other local functions by 
both parents and teachers so that these 
problems can better be solved by each 
individual locality. 

President Eisenhower formed the 

National Committee for the Develop- 
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ment of Scientists and Engineers on 
Apr. 3, 1956. The two problems they 
will attack first are: [1] to increase the 
number and improve the skills of scien- 
tists and engineers ; and [2] to encour- 
age a revision and enrichment of ele- 
mentary and secondary school curric- 
ula in science and mathematics. 

The public schools have been forced 
into a program geared for the average 
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freshmen were in the upper } of their 
high school class and had a 3.5 {B+} 
average). The engineering schools 
must develop in the student not only 
technical skills but an understanding of 
himself and the world about him. 


Turnover Problem 


How much of this activity goes to 
filling new jobs? The expanding US 
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student, thus many qualified for pro- 
fessional work are lost at the high 
school level. Some schools, Stanford 
and the California Institute of Tech- 
nology, for example, believe that their 
entering students will be better pre- 
pared and that it will encourage higher 
t standards in secondary education if 
they stiffen their entrance requirements 


: (96 per cent of the entering Stanford 


High School Enrollments 


Curve A represents the number of engineers graduating 

Curve B represents the number annually enrolled in 
US high schools. 


economy has caused an increased de- 
mand, a large one at that, for engi- 
neering talent. But an important part 
of this demand is based on too rapid 
a turnover, a shifting of men from one 
field to another. 

Money is an important reason for 
job shifting. Young engineers, when 
looking for work or advancement, are 
usually concerned more with job secur- 
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ity and high pay rather than in finding 
interesting work and learning as much 
as they can. Generally, the more one 
knows, the better paid he will be. Part 
of this is an aftermath of World War 
II and the Korean conflict which 
brought on early marriages and chil- 
dren during a time of rising costs. The 
resulting situation of world insecurity 
instilled in these boys the desire to get 
all they could. 

Job dissatisfaction is perhaps the 
most important factor. This is recog- 
nized by management; but most com- 
panies do not realize that there are dif- 
ferences, not only in engineering jobs, 
but in engineers as well. One of the 
first things needed to solve the short- 
age of engineers by reducing job turn- 
over is job satisfaction for engineers. 
Thus, one must recognize that there are 
differences in both jobs and men and, 
unless one puts the right man in the 
right spot, one will get either mediocre 
performance or thorough dissatisfac- 
tion, both leading to turnover. 


Methods to Ease Shortage 


Recognizing and uplifting the engi- 
neers’ professional status may pay big 
dividends in hiring and keeping engi- 
neering staffs. Engineers want recog- 
nition of their professional status. 

One of the most practical and easiest 
methods of easing the shortage, espe- 
cially in large organizations, is upgrad- 
ing. Many firms have found it profit- 
able to pay tuition for those attending 
university extension courses. In some 
cases, scholarships are awarded em- 
ployees who demonstrate potential 
value. Upgrading present personnel 
has two advantages: [1] company ex- 
ecutives have had ample time to study 
and select those high school graduates 
whose work record proves they have 
definite potentialities; [2] the knowl- 
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edge of such a program in operation 
offers a real incentive to the employee 
to better himself. 

Nonengineer college graduates may 
be trained in a short time, depending — 
on backgrounds, and converted into ca-_ 
pable engineering assistants. These — 
men, when assigned as assistants to — 
engineers, can relieve the engineers 
from much detail work and free their — 
time for broader, more vital phases of © 
activity. 

Another satisfactory approach to the 
solution of the engineer shortage is that 
of changing job specifications. Engi- 
neers should not be used for work that — 
can be handled by those of lesser attain- 
ments. High school graduates can 
be rapidly developed into competent | 
draftsmen, leaving the engineer to con- 
centrate his efforts on legitimate engi- 
neering work and imaginative design 
effort. Many routine duties might be © 
handled by trained clerical help. These 
can best be determined by the engi- — 
neer’s analysis of his own duties. 

One very satisfactory stopgap is ac- 
tive cooperation with local or neighbor- — 
ing universities. Two courses of ac- 
tion are possible : 


1. Keeping the school informed of — 
company personnel needs based on 
knowledge of future developments and — 
plans can assist the school in its pro- 
gram planning. Assisting the school — 
in obtaining funds, equipment (surplus 
materials may be of great value in> 
laboratories), and teaching personnel | 
(a member of the company staff may > 
be qualified to give lectures, assist in ey 
demonstrating laboratory techniques) 
may be of great value to the school. 

2. Hiring engineering students as 
part-time employees may also help. 
This may be done by splitting the 
school year (6 months work, 6 months 
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school), or by splitting the working day 
(students attend classes and work the 
same day). These student engineers 
can relieve the organization engineers 
of drafting and routine duties. An ef- 
fort should be made to choose those 
who will qualify for the engineering 
staff after graduation. Those who re- 
main after graduation will be already 
grounded in company routines and 
policies. 

Simplification of procedures can, in 
many instances, reduce the work load— 
another method of relieving the engi- 
neer shortage. Such things as using 
photographs of penciled drawings, 
aerial photography for field surveys, 
elimination of computa- 
tions, computation 
methods, elimination of as much rou- 
tine paper work as possible, use of 
manuals and standards, use of machines 
(computers, and others), development 
of short-cuts and better administration 
will help in reducing the work load. 


nonessential 
streamlining of 


= Ja 
NATHANIEL J. KENDALL le Jour. AWWA 


Summary 


These are just a few of the methods 
by which one may relieve his own engi- 
neer shortage—participation in student 
guidance work, financial aid to colleges, 
summer employment of faculties and 
students, year-round part-time employ- 
ment of students, instruction and guest 
lecturing, aid in the quest for teachers, 
pay standards in line with other profes- 
sions, insurance of job satisfaction, rec- 
ognition of the engineers’ professional 
status, promotion of upgrading and 
training of present employees, use of 
nontechnical help for nonengineering 
duties, simplification of field, office and 
administrative procedure. These may 
not give the direct results achieved by 
recruiters giving 20 minutes of high- 
powered sales talk, free use of expense 
accounts, and bounties to professors for 
prizes delivered, but they may build up 
a better organization and one capable 
of producing more engineering with 
fewer engineers. 
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A paper presented on Nov. 


N the United States as a whole from 
1910 to 1950 the water use of 
communities served by public water 
about tripled, whereas the 
population served only slightly more 
than doubled. In the first four decades 
of the century, the average water use 
by communities in the United States 
ranged from approximately 100 to 125 
gped. In 1940 unit use of water began 
to accelerate, and in 1953, the figure 
was 150 gped. Per capita water use by 
municipalities in New Mexico has 
shown an increase in the last 50 years 
probably greater than that for the na- 
tion as a whole. Among the reasons 
for this increase have been the rela- 
tively poor development of municipal 
water systems at the beginning of the 
century, the large water requirements 
for lawn and garden sprinkling, and the 
needs of defense installations. Avail- 
able information indicates that the per 
capita use by municipalities in New 
Mexico increased from an average of 
145 gped in 1950 to 175 gped in 1955. 
An example of the increased per 
capita use is afforded by Albuquerque. 
In 1930, Albuquerque used approxi- 
mately 70 gped; in 1940, 110 gped; in 
1950, 150 gped ; and in 1955, 165 gped. 
A study made in 1952 projected the 
per capita use in 1970 in Albuquerque 
to approximately 180 gped. The pres- 
ent trends, however, indicate that by 
1970 the per capita water use in Albu- 
querque may approach 225 gped 
instead. 
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Municipal Water Supplies in New Mexico 
Clyde S. Conover 


27, 1956, at the Rocky Mountain Section 
Meeting, Colorado Springs, Colo., by Clyde S. Conover, Dist. Engr., 
Ground Water Branch, USGS, Albuquerque, N.M. 

authorized by the Director, USGS, Washington, D.C. 
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Two problems associated with pro- 
viding water for municipal use for the 
future are: [1] determining the need 
for water; and [2] determining the 
source of supply. The future need of 
municipalities will depend primarily 
upon the increased population and the 
increased per capita use of water. It 
is beyond the scope of this article to 
discuss the future need in detail, but 
an indication of the need will be 
enlightening. 


Projected Needs 


It is to be expected that, on the aver- 
age, municipalities in New Mexico will 
have a higher per capita use than the 
nation as a whole because of the meager 
precipitation and a combination of the 
higher average temperature and lower 
average relative humidity, which result 
in a higher rate of evaporation. Thus, 
the average per capita use by the coun- 
try make be taken as a lower limit for 
New Mexico. Projection of the figures 
given previously for the country indi- 
cates that the per capita use by munici- 
palities in 1970 will exceed 200 gpcd. 
Is there a logical limit to the per capita 
use of water in municipalities, aside 
from increases owing to industrial 
needs? The maximum use will be ap- 
proached when every family will have 
all the modern conveniences, when all 
yards will be beautified, and when 
the municipalities will have adequate 
parks. This condition does not yet 
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exist in New Mexico and probably will 
never be fully attained. The maximum 
use will depend also upon the water 
rates, which are, in part, determined 
by the abundance of the supply. For 
the present discussion 200 gped would 
appear to be a conservative estimate 
use by municipalities in New Mexico 
15 to 20 years from now. 

It has been estimated that the popu- 
lation of New Mexico will increase 
more than 50 per cent by 1975, and 
undoubtedly municipalities will absorb 
most of the increase, thus at least dou- 
bling present water use. 

It is estimated that, in 1955, mu- 
nicipalities in New Mexico used ap- 
proximately 100 mgd of water as com- 
pared with 60 mgd in 1950. Expected 
use in 1975 will be approximately 200- 
250. Although this represents a sig- 
nificant increase, it is only about 
270,000 acre-ft per year, or 12 per cent 
of the total use of water in New Mex- 
ico in 1955. 

It is generally recognized that there 
currently is a scarcity of water in New 
Mexico. Where can the water re- 
quired for municipalities in the future 
be obtained? The question can be an- 
swered partly by noting the trend of 
municipal supply sources in the past. 
In 1950 approximately 83 per cent of 
the systems used wells and springs. 
By 1955 the percentage had increased 
to 92. Of eight major cities that used 
surface water exclusively in 1950, seven 
had drilled wells or were in the process 
of drilling or contemplating wells in 
1956 to obtain supplemental supplies 
from ground water sources. It is of 
interest to note that Santa Fe in 1955 
used nearly twice as much ground 
water as surface water, whereas, prior 
to 1951, surface water was used exclu- 
sively. Las Vegas is anticipating a dire 
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shortage of water during the current 
drought, and wells have been drilled 
in the last few months to supplement 
the supply normally obtained from the 
Gallinas River. 

It thus appears evident that more 
and more dependence is and will be 
placed on ground water for municipal 
supply and that increasing attention 
must be paid to evaluation of the 
ground water resources in the vicinity 
of municipalities. Promiscuous drill- 
ing of wells, even if water is obtained, 
may provide only a temporary respite 
if the ground water body is locally 
overdeveloped. Sound development of 
ground water supplies for municipali- 
ties, industries, and irrigated farming 
must be preceded by areal investiga- 
tions of the occurrence of ground water 
as related to the geology of the area. 
Such investigations should also precede 
planned expansion of use of ground 
water supplies. A period of emer- 
gency is a poor time in which to make 
such investigations. 


Ground Water Studies 


The value of an areal study of the 
ground water conditions in the solution 
of a problem of well field location is 
not always recognized. Silver City, 
for instance, had trouble for years in 
developing adequate water supplies. A 
few years ago a well field was devel- 
oped because a well drilled by a 
rancher in the area had produced good 
results. Concentrated pumping from 
this well fieid resulted in an appre- 
ciable decline of water levels and well 
yields. In the meanwhile, the demand 
for water continued to rise. A study 
of the ground water conditions of 
Grant County by the US Geological 
Survey in cooperation with the Grant 
County Commission and the State En- 
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gineer indicated an area not far from 
Silver City where additional ground 
water supplies were available. Subse- 
quent drilling of test wells and pumping 
tests by the city confirmed the existence 
and adequacy of the supply. Another 
town in Grant County faced the embar- 
rassing situation of having no water in 
a new water supply system. The areal 
ground water study of Grant County 
indicated an area in which sufficient 
ground water probably existed for the 
town. The town now has an adequate 
supply of ground water from this area. 

Areal studies of the geology and 
ground water conditions are presently 
being made by the US Geological Sur- 
vey in the vicinity of Carlsbad, Gallup, 
and Albuquerque in cooperation with 
the State Engineer and the respective 
cities. These studies will go far in in- 
dicating areas of potential development 
of ground water supplies. Studies, pri- 
marily of irrigation supplies, which are 
being made and have been made in the 
past in cooperation with the State En- 
gineer provide useful information on 
water supplies for towns such as Por- 
tales, Lovington, and Roswell. 

Areal studies of the occurrence of 
ground water in themselves are only a 
starting point for the evaluation of the 
water supply. Quantitative studies 
aimed at determining the ability of the 
aquifers to transmit and supply water 
require appreciable effort and, for best 
results, should be a continuing phase of 
work. Such studies should include 
evaluation of the trends in water levels 
as related to pumpage and natural phe- 
nomena. Pumping tests to determine 
the hydraulic character of the water- 
bearing formation should also be con- 
ducted to aid in determining the opti- 
mum spacing of wells as well as to 
evaluate the supply. Ground water 
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reservoirs are no more inexhaustible 
than are surface reservoirs. Continu- 
ing records of the resource must be 
kept if overdevelopment is to be pre- 
vented and a long-range dependable 
supply is to be maintained. 


Occurrence of Supply 


As an increasing number of munici- 
pal supplies will be derived from 
ground water, it is of interest to note 
the general occurrence of ground water. 
The rocks of the earth’s crust constitute 
a tremendous reservoir. As not all 
rocks are water bearing, the problem 
is to determine the areal extent, thick- 
ness, attitude, and water-bearing char- 
acter of those rocks that do bear water. 
Two main hydraulic characteristics of 
a rock determine its ability to bear and 
yield water to wells, provided the rock 
is saturated: [1] the capacity of the 
rock to store water; and [2] its ability 
to transmit water. 

The storage characteristic of a rock 
depends upon the amount of pore space. 
The transmissive characters depend 
upon the size and degree of intercon- 
nection of the openings in the rock. A 
rock such as shale and fine-grained 
sandstone may have a large water- 
storage capacity, but it may not yield 
water to wells or may yield only small 
amounts of water. Conversely, al- 
though a rock may transmit water in 
large quantities, as from solution chan- 
nels in a limestone, its storage capacity, 
because of its overall low porosity, may 
be comparatively small. In between 
these extremes are those rocks, such 
as unconsolidated sand and gravel 
found in alluvial valleys, which have 
both a high storage characteristic and 
high transmission characters. Though 
these two hydraulic characteristics of 
the aquifers determine the immediate 
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ability to produce water, the long-term 
ability is intimately related to the thick- 
ness and areal extent of the aquifer, the 
source of recharge to the aquifer, the 
amount of water available for recharge, 
and the location of points of discharge 
from the aquifer. 

The geologic and hydrologic environ- 
ment in the vicinity of a town thus de- 
termine the ability of the town to obtain 
ground water with a reasonable effort. 
If favorable geologic and hydrologic 
conditions do not exist within a rea- 
sonable distance, the cost of tapping 
distant sources may be prohibitive. 

Considering the geologic and hydro- 
logic environment of municipalities in 
New Mexico, it is evident that those 
municipalities situated in areas where 
the rocks are fine grained or dense, 
such as shales and sandstones of Trias- 
sic, Jurassic, and Cretaceous age will 
have difficulty in obtaining quantities of 
adequate water to meet anticipated 
needs without considerable effort. A 
possible solution is to transport water 
from some distant source. Such un- 
favorable conditions of water supply 
generally exist in much of the north- 
western and northeastern parts of the 
state. 

Municipalities situated in areas 
where there are large volumes of un- 
consolidated material, such as the river 
alluvium of the Rio Grande or the 
Ogallala formation of the High Plains, 
or where there are cavernous lime- 
stones, such as those of the San Andres 
formation of Permian age in the Ros- 
well basin, generally will be able to 
obtain adequate supplies of water with 
reasonable effort. In some areas, such 
as the Portales Valley, even though 
large-capacity wells generally can be 
developed, the water is being taken pri- 
marily from ground water storage, 
which has some finite limit. Eventu- 
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ally, therefore, Portales may be faced 
with developing additional wells at 
some distance from areas of heavy 
pumping. 
Other Problems tan 


Even iia municipality Is 1 all area 


where ground water supplies are rela- 
tively easy to obtain and develop, other 
problems, such as ground water sup- 
plies competition and regulation of 
ground water supply exist. In the de- 
clared ground water basins of the state 
that are closed to further appropriation 
of the water, for example, additional 
development of ground water by a mu- 
nicipality requires purchase of an exist- 
ing water right, which normally means 
that farmland must be retired. In some 
areas, as in Roswell, this is easily done 
as the city limits gradually extend into 
agricultural areas and the land is sub- 
divided for houses. In other areas it 
may mean purchase of farmland some 
distance from the city limits, and pos- 
sibly obtaining authorization to move 
the water right. In effect, development 
of ground water supplies in a closed 
basin limits competition for the water 
and gives protection from development 
by other users in the immediate area. 

In areas where ground water devel- 
opment is not controlled, as in the Rio 
Grande Valley, development of addi- 
tional ground water supplies by mu- 
nicipalities is in competition with other 
uses of water, and such development 
generally means an increase in the in- 
tensity of water use in the area except 
in those places where city limits are 
expanded to absorb irrigated farmland 
which can be retired. 

Development of additional water 
supplies for cities is both an economic 
and a physical problem. For best eco- 
nomic evaluation it is desirable that all 
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water in the area be known in order 
that the advantages and disadvantages 
and relative costs of various sources of 
supply can be weighed. A decision to 
drill a well in a particular location, 
without a knowledge of the relative 
ability of other locations to produce 
water, may result not only in a high 
cost of water but even in failure to ob- 
tain a successful well. In the future, 
municipalities, where development of 
additional water supplies is very diffi- 
cult and expensive, might find it more 
economical to increase the supply by 
treating the sewage effluent of the city, 
or by treating water having an appreci- 
able dissolved solids content. Though 
the use of treated sewage poses psycho- 
logical problems, the water is depend- 
able and predictable in amount, and its 
use for many industrial processes may 
be highly practical. Some towns, such 
as those in the Tularosa Basin, are in 
areas where there are comparatively 
large quantities of water having a min- 
eral content slightly greater than rec- 
ommended for municipal supply and 
where water of acceptable chemical 
quality is limited. In such areas, with 
improved technological advances, saline 
water with a chemical content of a few 
thousand parts per million may, in the 
future, be treated at a cost comparable 
to that of developing supplies from dis- 
tant sources. 

Cities that have a combination sur- 
face and ground water supply, as Santa 
Fe, may have periods when the supply 
of surface water is in excess of the 
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needs of the city and the storage ca- 
pacity of the surface reservoirs. Dur- 
ing these periods the excess water pos- 
sibly could be stored in the ground by 
recharging the aquifer through the 
wells. This would require some re- 
search and experimentation. El Paso 
has successfully recharged some of its 
well fields on the mesa with Rio Grande 
water that is excess in the winter. 


th. 


Conclusion 


It is evident that there will be a 
large increase in municipal use of water 
in New Mexico in the coming years. 
As surface water supplies are generally 
deficient and variable and, in most of 
the state, are essentially nonexistent, it 
is evident that increasing attention must 
be given to evaluation and development 
of ground water supplies. In some 
places, sources at considerable distances 
from the cities will have to be consid- 
ered. The cost of development of 
water supplies undoubtedly will con- 
tinue to increase as the limit of readily 
available supplies is approached, so that 
comprehensive and detailed evaluation 
and analysis of present and potential 
supplies must be made if the most eco- 
nomical developments are to be under- 
taken. Lastly, as adequate compilation 
and analysis of water facts require ap- 
preciable time, studies should be as far 
in advance of needed developments as 
possible, and certain phases should be 
continued indefinitely into the future 
as a matter of sound operational 


management. 
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ATER works engineers are show- 

ing more concern over biologi- 
cally resistant organic materials of vari- 
ous types which gain access to surface 
and even ground waters, thus impair- 
ing water used for public and industrial 
purposes. Synthetic detergents have 
been classed among such substances. 
Research has demonstrated that the 
many surface-active agents (surfac- 
tants) used in the formulation of house- 
hold type of synthetic detergents vary 
widely in their perseverance in natural 
waters. It is the purpose of this review 
to summarize the results of investiga- 
tions designed to show the relationship 
of chemical structure to the expected 
life of such materials in natural waters 
or during biological sewage treatment 
processes. 

During the past 10 years a great 
change has occurred in the character of 
cleansing materials used in the Ameri- 
can household. At the present time 
more than 65 per cent of all detergents 
sold for such purposes are of the so- 
called synthetic type (Fig. 1). Accept- 
ance of these new materials has been 
rapid in hard water areas and they are 
gaining favor where soft water is used. 
During this same period there has been 
a considerable change in the character 
of the surfactants used in synthetic de- 
tergent formulations, with alkyl ben- 
zene sulfonates commanding a large 


share of the anionic market and the use 
of nonionics growing to at least 10 per 
cent of the total market. 

From time to time reports have ap- 
peared in the water works literature 
blaming contamination by synthetic de- 
tergents for certain difficulties in water 
works practice. These difficulties have 
usually been of three categories: [1] 
serious frothing or foaming where aera- 
tion was practiced; [2] interference 
with coagulation; and [3] taste and 
odor problems. 

Recent studies by investigators of the 
USPHS at Cincinnati, Ohio (7) and at 
the Massachusetts Institute of Technol- 
ogy (2) have demonstrated that the 
organic surfactants, in themselves, do 
not interfere with chemical coagulation 
but rather the complex phosphates, 
usually sodium tripolyphosphate, which 
are used as builders in all heavy-duty 
synthetic detergents increase the coagu- 
lant requirements considerably. With 
heavier dosages of coagulant, good re- 
sults can be obtained but only a small 
fraction of the active organic surfac- 
tant is usually removed. Thus, in the 
end, a major portion remains in the 
finished water. 

Synthetic detergents have captured 
the market largely because they do not 
precipitate when placed in hard water. 
This characteristic makes them a par- 
ticular problem in sewage treatment 
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practice and the area of stream pollu- 
tion control. Where primary treat- 
ment of sewage is practiced, removal 
of synthetic detergents ranges from 
about 10 to 25 per cent, which means 
that 75-90 per cent passes on into the 
river. The fate of the detergents in the 
rivers is a much debated subject but 
the fact that synthetic detergents have 
been identified in many river supplies 
which have had a history of sewage 
pollution (3) lends support to the be- 
lief that certain forms, at least, have a 
rather long life in natural waters. 
Simpson (4) has shown halflives of 20 
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complish the same results with the 
synthetic detergents is a question. 
This matter has been under intensive 
study in the laboratories at the Massa- 
chusetts Institute of Technology during 
the past 4 years. Most people are will- 
ing to concede that, if destruction can 
be accomplished by activated sludge 
treatment within a 4- or 5-hr contact 
time, such materials would have a rela- 
tively short life in river waters. 


Types of Syndets 


There are 3 types of synthetic deter- 
gents: anionic, cationic, and nonionic. 
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Fig. 1. Soap and Detergent Consumption in the United States 


_ The shaded bars represent soap consumption and the solid ones 
are detergent consumption. The 1956 figures are estimates. 


hr, 6 days, and 15 days for three dif- 
ferent types under simulated river con- 


ditions. Hammerton (5) has shown 
similar results from his studies in 
England. 


In sewage treatment practice, sec- 
ondary methods of treatment, such as 
trickling filters or activated sludge, are 
used to reduce the organic content of 
settled sewage to very low levels. 
Whether such treatment devices ac- 
ow 


As more than 80 per cent of the deter- 
gents used are of the anionic type, the 
discussion will be restricted to them. 
The anionic detergents are all sodium 
salts which ionize to yield Na* and a 
negative ion containing the active or- 
ganic surfactant. Ordinary soap is an 
example of an anionic detergent but is 
not classed among the synthetic group. 

The anionic synthetic detergents may 
be classed into two general groups: sul- 


= 
, 
- 
— 
~ 
ia 
4 
‘et 
= 
4 
: 
= 
wi 
: 


_ C. N. SAWYER & D. W. RYCKMAN Jour. AWWA 


fates and sulfonates. The sulfates are 
inorganic esters formed by action of 

_ sulfuric acid with aliphatic alcohols and 
involve a C—O—S linkage. Their 
structure is: 


he sulfonates are compounds with a 
Cs linkage formed by treating or- 
ganic compounds which do not have 


‘ 
Ester 


Sulfonated 
Alkyl Benzene 
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OH groups with sulfuric acid. 
structure is: 


rr 
The nature of the linkage between car- 
bon and sulfur determines to a consid- 
erable degree the ease with which 


Primary Secondary 


Fig. 2. Structure of Sulfonate Detergents 


anionic synthetic detergents are de- 
graded by microorganisms. 

Sulfates: In the United States these 
are prepared almost entirely from 
lauryl alcohol, a primary alcohol with 
twelve carbon atoms. British practice 
involves the use of secondary alcohols 
as well. Both products are alike in 
their biochemical behavior. 

Sulfonates: Sulfonates are produced 
from several organic compounds but 
three major groups predominate. These 


H 


Tertiary 


are ester, amide, and alkyl benzene sul- 
fonates. The general formulae of these 
are shown in Fig. 2. 


Method of Study 
Biological utilization of organic ma- 
terials always involves use of oxygen, 
production of carbon dioxide, and mul- 
tiplication or growth of microorgan- 
isms availing themselves of the energy 
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in the compounds. Under aerobic con- 
ditions the extent and speed of the 
changes occurring can best be followed 
by measuring the oxygen utilized. 
Two techniques are commonly used: 
[1] the standard 5-day BOD test; or 
[2] manometric techniques involving 
use of an apparatus such as the War- 
burg respirometer. The former is used 
where concentration levels are com- 
parable to those experienced in natural 
river waters and the latter when con- 
centrations correspond to those of do- 
mestic sewage or higher. 

Both the 5-day BOD test and the 

Warburg respirometer were used to 
evaluate the susceptibility of synthetic 
letergents to biological oxidation in 
these investigations. In addition, 20- 
ay BOD tests were run on all sub- 
tances which showed limited oxidation 
uring a 5-day period. These were run 
y the large bottle method developed 
y Orford (6) which allowed daily ob- 
ervation of oxygen usage. 

The degree of degradation of the 
vnthetic detergents was ascertained by 
ree methods, and residual surfactant 
as measured by one of the colorimetric 
schniques available. The methylene 
lue method as modified by Degens 
7) was used most extensively. As 
omplete oxidation of the surfactants 
esulted in liberation of the sulfonate 
roups as sulfate ion, quantitative meas- 
rement of sulfates was performed. 
nfrared analyses of end products were 
sed to determine the extent of degra- 
ation of the alkyl benzene sulfonates. 

Activated sludges were fed on mix- 
ures of synthetic sewage plus surfac- 
ant and on diets consisting of surfac- 
ant alone. The activated sludges 
erved as sources of acclimated seed for 
he standard BOD tests and for mass 
nocula in studies using the Warburg 
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Results of Study 


Sulfates: Lauryl sulfate (n-dodecyl 
sulfate) was chosen for these studies. 
This surfactant exhibited a 5-day BOD 
of 57.2 per cent of the theoretical COD 
when ordinary sewage was used for 
seeding the dilution water. Warburg 
respirometer studies with unacclimated 
activated sludge showed an oxygen uti- 
lization of 59.7 per cent of the theoreti- 
cal value within a 6-hr period as shown 
in Table 1. Both of these values are 
comparable to results obtained with a 
simple substrate such as glucose. It 
may therefore be concluded that the 
alkyl sulfate type of surfactant will not 


TABLE 1 


Biological Oxidation of Certain Anionic 
Syndets 


Activated Sludge 


5-Day BOD | 6 hr O: Demand 
Substance | % of 
theoretical 
ue 
Sulfates 
Lauryl Sulfate 57.2 59.7 
Sulfonated 
Amide 52.0 56.0 
Ester | 59.8 45.0 


ordinarily be a problem in public water 
supplies because of its ease of biological 
assimilation. Simpson (4) and Ham- 
merton (5) both showed such com- 
pounds to have a short life of 1 to 2 
days in river water. 

Sulfonates: Because of the wide vari- 
ety of sulfonates used in compounding 
synthetic detergents for the retail trade 
and because of differences in their sus- 
ceptibility to biological degradation, it 
is necessary to consider the behavior of 
these surfactants in several categories : 


1. Sulfonated amides and _ esters. 
The sulfonated amides and esters were 
found to behave in very much the same 
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manner as sulfates. Both were found reasons, however, they were included 
to exhibit 5-day BOD values of 52-60 in the studies to complete the picture 
per cent of the theoretical COD in the of how chemical structure influences 
presence of ordinary sewage organisms, biological assimilability of organic 
and both showed significant utilization compounds. 

of oxygen in the Warburg respirometer a. Primary alkyl benzene sulfonates. 
in contact with activated sludge during Methyl, ethyl, propyl, butyl, octyl, 
a 6-hr period (Table 1). It may there- decyl, and dodecyl benzene sulfonates 
fore be concluded that sulfonated esters were subjected to study. All of these 
and amides will not survive in sewage compounds were found to exhibit sig- 
treatment plants or natural river waters nificant lag periods in the 5-day BOD 
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n" Fig. 3. Infrared Spectrogram of Primary Alkyl Benzene Sulfonate 
Dib Before and After Treatment 


under normal conditions to cause trou- test, when using sewage seed, but 
ble in public water supplies. showed in the order of 80 per cent of 

2. Alkyl benzene sulfonates. The the theoretical COD in 20 days’ time 
alkyl benzene sulfonates, theoretically, when acclimated seed was used. The 
can be of three types, depending upon 5-day values approached the normal 
the nature of the attachment of the ben- range for readily assimilable soluble 
zene ring to the alkyl group as previ- substrates (Table 2). Studies with 
ously shown. The primary alkyl ben- acclimated activated sludges in the 
zene sulfonates are of no commercial Warburg respirometer showed the 
significance as surfactants, because of mn-alkyl benzene sulfonates to be uti- 
their limited solubility. For theoretical lized at relatively rapid rates. Sulfate 
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analyses showed essentially all the sul- b. Secondary alkyl benzene sulfo- 
fonate group to be recoverable as sul- nates. Secondary propyl, butyl, amyl, 
fate ion, indicating complete dissimila- octyl, decyl, and tetradecyl benzene sul- 
tion of the molecule. Infrared analysis fonates were subjected to study in the 
showed complete disappearance of char- same manner as the primary com- 
acteristics related to alkyl benzene sul- pounds. The behavior of these com- 
fonates (Fig. 3). a tea pounds was very similar to the primary 
Biological Oxidation of Primary Alkyl Benzene Sulfonates 


or Activated Sludge 6-hr 
5 Day* BOD of Recovery of Sulfonate 
Substance theoretical value as SOw"—-% 
Methyl 54 37 
Ethyl 50 39 
Propyl 2 40 
Butyl 39 44 
Ox tyl 56 47 
Decyl 36 
Dodecyl 43 38 
* Using acclimated seed. 
TABLE 3 
Biological Oxidation of Secondary Alkyl Benzene Sulfonates 


, | Activated Sludge 6-hr 

Propyl 4 28 90 
Butyl 3 3 
Amyl sth 0 15 5 
Octyl 30 53 96 
Decy! 40 51 93 
Tetradecyl er: 27 55 


* Using acclimated seed. 


Although the results obtained with compounds, except that the propyl, 
the primary alkyl benzene sulfonates butyl, and amyl compounds gave longer 
have little significance in the field of lag periods in the BOD tests (Table 3) 
public water supplies, the data show and more difficulty was experienced in 
that specialized organisms, not present developing activated sludges from them 
in great numbers in natural sewage, are as the sole source of food. Sulfate 
needed to initiate the destruction of analyses and infrared spectrograms run 
these compounds. The data also show on the activated sludge effluents using 
that, once such organisms are allowed propyl, octyl, aud decyl forms, how- 
to develop in sufficient quantities, the ever, showed that the sulfonate groups 

sradation of primary alkyl benzene were largely converted to sulfate ion 

fonates is rapid and complete. and that the alkyl benzene sulfonates 
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were completely destroyed (Table 3 
and Fig. 4). 

Secondary alkyl benzene sulfonates, 
particularly keryl benzene sulfonate, 
have been used in retail products to a 
considerable extent in the past. The 
use of these compounds, however, has 
been largely replaced by another prod- 
uct derived from byproducts of the 
petroleum industry—the propylene ben- 
zene sulfonates. It can be concluded 


from these studies that secondary alkyl 


Wave Numbers - cm 
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river water. The results with activated 
sludge indicate that the majority if not 
all of the secondary alkyl sulfonates 
would be destroyed where sewage 
subjected to such treatment. 
Tertiary alkyl benzene sulfonates. 
The alkyl benzene sulfonates derived 
from propylene constitute the major 
form of the alkyl benzene compounds 
used in household detergent formula- 
tions at the present time. The commer- 


cial product consists of approximately 
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benzene sulfonates could be a problem 
in public water supplies. The long lag 
period experienced in the BOD studies 
shows that organisms capable of attack- 
ing the compound are not plentiful in 
natural water or sewage. Such mate- 
rials, therefore, could survive for long 
distances in rivers. This is substanti- 
ated by Simpson (4) and Hammerton 
(5) who found such substances to have 
a half-life of about 6 days in a natural 


Wave Length - microns 
Infrared Spectrogram of Secondary Alkyl Benzene Sulfonate 

Before and After Treatment 


80 per cent tertiary alkyl benzene sul- 
fonates with the other 20 per cent not 
well characterized. They are inexpen- 
sive and possess excellent deterging 
properties. Because of their wide 
usage, they were subjected to exhaus- 


tive study and the results are particu- 
larly significant. 

Polypropylene benzene sulfonate, as 
produced for the synthetic detergent 
consists mainly of a mixture 
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of di-, tri-, tetra- and penta-propylene 
benzene sulfonates.* For this reason it 
was deemed desirable to study each of 
the polymers separately as well as the 
mixture. Tertiary butyl and amyl com- 
pounds were synthesized in the Massa- 
chusetts Institute of Technology 
laboratory. 

Results of the studies with the ter- 
tiary alkyl benzene sulfonates have 
shown them to be extremely resistant 
to biological attack. Long-term, 20- 
day BOD studies with sewage seed and 
acclimated seed have shown essentially 
no oxygen usage. Oxidation studies in 
the Warburg respirometer have shown 


TABLE 4 
Biological Oxidation of Tertiary Alkyl Benzene Sulfonates 
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could not be recovered as sulfate ion. 
This is in direct opposition to the find- 
ings of House and Fries (8). Infrared 
spectrograms of effluents from the acti- 


rated sludge units showed the presence 


of significant amounts of alkyl benzene 
sulfonates (Fig. 5). 

The results of the BOD studies indi- 
cate that the propylene benzene sulfo- 
nates (in fact all tertiary benzene sulfo- 
nates) can be expected to survive for 
great distances in rivers. 
agreement with the findings of Simpson 
(4) and of Hammerton (5) who found 
a half-life of about 15 days under simu- 
lated river conditions. The activated 


Activated Sludge 6-hr 
Demand—% of 
theoretical value 


Recovery of Sulfonate 
as 


ater 5 Day* BOD—% of 
Substance theoretical value 
Butyl 
Amyl 


Dipropyl 
Tripropyl 
Tetrapropyl 
Pentapropyl 


* Using acclimated seed. 


ictivated sludges to have little ‘“stom- 
ich” for the compounds (Table 4). 
Attempts to develop activated sludges 
iecessitated the development of a spe- 
cial rolling type of unit to overcome 
foaming problems. In spite of this, it 
was found impossible to develop 
sludges that could be maintained on 
hese compounds as a sole source of 
food. Colorimetric tests showed little 
f any decrease in synthetic detergent 
soncentration after 24-hr aeration with 
ictivated sludges which had been re- 
‘eiving a similar diet for several days 
rior to the test. The sulfonate groups 


*Samples provided by Continental Oil 
‘ompany, Ponca City, Okla. 


sludge studies demonstrate that even 
the most potent treatment process is 


not effective in completing the destruc-_ 


tion of this type of compound. Trick- 
ling filters would be even less effective. 
It can thus be concluded that the ter- 
tiary benzene sulfonates constitute the 


greatest threat to public water supplies © 
of any of the anionic type detergents. 


Because the anionic type of detergents 
constitute over 80 per cent of all syn- 
thetic detergents sold, it is also quite 
evident that the tertiary alkyl benzene 
sulfonates deserve special attention. 


Discussion 


The results of this investigation pro- 
vide an excellent opportunity to specu- 
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late regarding the mode of biological 
degradation of the various anionic 
_ detergents in relation to chemical 
structure. 
Sulfates: The alkyl sulfates are es- 
ters of sulfuric acid and possess the 
-~ C—O—S bond. Because of the rapid 
s nature of their attack by organisms na- 
tive to sewage, it is likely that the first 
step in their degradation involves a 
simple hydrolysis to the alcohol and 
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down of the syndet probably involves 
a simple hydrolysis of the ester to form 
a fatty acid and a sulfonated alcohol 
and of the amide to form a fatty acid 
and a sulfonated secondary amine. All 
products would be readily susceptible 
to further biological degradation, ex- 
cept, possibly, the sulfonated secondary 
amine. 

Alkyl benzene sulfonates: The alkyl 
benzene sulfonates are essentially sul- 


sulfuric acid from which they are 

formed. As alcohols are readily oxi- 
_ dized by many bacteria, no time is lost 
a _ in conversion to carbon dioxide, water, 
cell growth. 

Amides and esters: The sulfonated 
amides and esters are attacked at rates 
comparable to alkyl sulfates. In these 
reactions, also, the first step in break- 
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Fig. 5. Infrared Spectrogram of Tertiary Alkyl Benzene Sulfonate 


( ‘urve A represents a 1.03-mg sample, KCI pellet 0.03 cm thick. Curve B is a 2.59-mg 
sample, KCI pellet 0.09 cm thick. 


fonated hydrocarbons and, as such, they 
do not offer any easy point of attack 
by most microorganisms. It is known, 
however, that terminal methyl groups 
of hydrocarbons are oxidized by certair 
bacteria under aerobic conditions. 

1. Primary forms. All of the pri- 
mary alkyl benzene sulfonates were 
completely degraded to free sulfate ion 
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although initiation of oxidation was 
often delayed for several days when 
only organisms native to sewage were 
involved. When acclimated activated 
sludges were used, however, degrada- 
tion was rapid. This demonstrates that 
when a significant population of organ- 
isms capable of attacking the terminal 
methyl group of the alkyl group is pres- 
ent, degradation of the alkyl group and 
of the benzene group is complete. 
Degradation of this type of alkyl ben- 
zene sulfonate thus presents no prob- 
lem, provided organisms capable of at- 
tacking terminal methyl groups are 
present. 

2. Secondary forms. The secondary 
alkyl benzene sulfonates, in general, be- 
haved quite like the primary com- 
pounds. It is necessary that organisms 
capable of oxidizing terminal methyl 
groups be present for oxidation to pro- 
ceed as in the primary compounds. 

3. Tertiary forms. The tertiary alkyl 
benzene sulfonates were found to be 
quite resistant to oxidation, although 
limited amounts of oxygen were uti- 
lized in most cases. This is evidence 
that oxidation was started, probably at 
terminal methyl groups, but complete 
oxidation of the compound was impos- 
sible because of the absence of hydrogen 
on the tertiary carbon atom. As a 
result further degradation involving the 
benzene group was impossible and so 
that the sulfonate group was not freed 
as sulfate ion. 

The fact that sulfonate groups of the 
tertiary compounds were not freed as 
sulfate ions is evidence that the C—S 
linkage cannot be severed by hydrolytic 
enzymes. 

It is recognized that the tri-, tetra- 
and pentapropylene benzene sulfonates 
have highly branched alkyl groups. 
Whether such branching in these 
groups is a deterrent to biological oxi- 
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dation is not known with certainty. — 
The results obtained by Hammerton 
(5) on somewhat similar compounds 
indicate that it is. Further research is 


contemplated to clarify this point. 


Conclusions 
Results of the studies have shown the 
following : 
1. All anionic synthetic detergents, 
except the alkyl benzene sulfonates de- 
rived from propylene, are subject to 
complete biological degradation. ‘ 
2. Degradation of anionic syndets, 
which can be cleaved by hydrolytic en- 
zymes (inorganic esters, esters, and 
amides), is rapid and complete. 

3. Degradation of the alkyl benzene 
sulfonates depends upon the presence 
of organisms capable of oxidizing ter- 
minal methyl groups to carboxyl 
groups. 

4. Complete degradation of the alkyl 
benzene sulfonates occurs when the _ 
benzene group is attached to a primary 
or secondary carbon atom of the alkyl 
group. 

5. Tertiary alkyl benzene sulfonates 
are not completely degraded by bacteria 
because biological oxidation is blocked 
at the tertiary carbon atom. 

6. The effect of branching in the 
alkyl groups of tri-, tetra-, and penta- 
propylene benzene sulfonates on bio- 
logical degradation could not be ascer- 
tained from these studies. 

7. Water supply problems related to 
anionic surfactants, foaming, or taste 
and odors, are most likely to be caused 
by polypropylene benzene sulfonates, 
as a result of their resistance to biologi- 
cal degradation and to their popularity 
among producers of retail products in- 
tended for household use. 

8. The complex phosphates, or the 
orthophosphate formed during rever- 
sion, will increase coagulant require- 
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ments over those normally needed to 
accomplish a desired degree of water 
clarification. In addition the complex 
phosphates through reversion to ortho- 
phosphates serve as fertilizing matter 
to support algal blooms. 
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OR the past decade or two, water 
works have been subjected to 
progressively higher appearance stand- 
ards in the construction of pumping 
stations. Site acquisition has devel- 
oped into a difficult problem. Planning 
commissions have established zoning 
ordinances which limit land use and 
restrict the types of buildings which 
may be constructed. Neighbors are 
strident in their demands for elimina- 
tion of any structure—essential though 
it may be—which is not in keeping with 
the residential character of their neigh- 
borhood. These problems have led 
many California water works to place 
their pumping stations underground. 
The elimination of aboveground 
structures completely eliminates the ar- 
chitectural considerations. Off-street 
sites may be landscaped and developed 
into small parks without even a fence 
to disturb their aesthetic appeal. Sta- 
tions may also be located in public 
streets and present no more than man- 
hole covers to the public view. 
Underground stations also provide a 
means of reducing to a minimum the 
noises which annoy neighbors, particu- 
larly during the quiet night-time hours. 
Motors and starters frequently produce 
excessive sound, and internal combus- 
tion engines are always noise producers. 
Even the periodic release of air from 
hydropneumatic tanks can be extremely 
annoying to one who is on the verge 
of going to sleep. By placing pumps 
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and accessories underground, these con- 
troversial characteristics of the working 
parts of a water system may be mini- 
mized to the mutual advantage of the 
neighbors and the water superintendent. 

The history of modern underground 
stations covers several decades. Early 
models were reinforced concrete pits 
5—20-ft deep, in which horizontal split- 
case centrifugal pumps were installed, 
pumping directly from wells with high- 
standing water levels. Increased water 
usage has lowered water tables beyond 
the reach of horizontal pumps and 
made this type of installation very rare. 

Booster stations were then placed 
underground where they pumped from 
reservoirs constructed below ground 
level. Again the purpose of the instal- 
lation was primarily to lower pumps 
to the water, and was not closely re- 
lated to present considerations. 

Today primary interest is directed 
toward the construction of under- 
ground well stations using vertical tur- 
bine pumps powered with either elec- 
tric motors or internal combustion en- 
gines. They are especially applicable 
to the many water works in California 
which tap their ground water supply 
throughout the service area and deliver 
it directly into the distribution system. 


Optimum Location 

The first consideration for a station 
of this nature is the selection of a site 
which affords isolation from sources of 
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contamination such as the drain fields 
of sewers and septic tanks. A distance 
of 100 ft from such contaminating zones 
is generally accepted as affording ade- 
quate isolation. In some instances 
sewers may be placed as close as 50 ft 
from the well, provided they are con- 
structed with cast-iron pipe and lead 
joints. 

The minimum parcel to meet the re- 
quirements is 100 ftsq assuming po- 
tential contamination is on all four 
sides). Actually, sites are usually 
chosen where the land usage of adja- 
cent parcels does not present a poten- 
Rights-of-way for both 


Fag. 1. 


public and private use afford protec- 
tion. Existing neighboring buildings 
with plumbing on the far side of the 
proposed well are also of practical ad- 
vantage in choosing a well site. 

The most unusual well sites are those 
situated in public streets (Fig. 1). 
These sites must generally be on side 
streets on which there are no sanitary 
sewers or the likelihood of future 
sewers. The homes on the nearest lots 
must have their plumbing outlet on the 
far side from the well. Their sewer 
connections must be constructed of 
cast-iron soil pipe with lead joints to a 
point at least 100 ft from the well. The 
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Well Station With Submersible Pump in Street 


The well, in this Sunnyvale, Calif., street, was drilled directly : 
beneath the manhole. The discharging unit is placed in the 
parkway pit. 
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review of any water works distribution 
system will reveal a surprising number 
of potential well sites on public rights- 
of-way which will meet safe practice 
in regard to isolation from sewage 
contamination. 

To augment isolation, conductor 
pipes for sealing the upper portion of 
the well from shallow waters are fre- 
quently necessary. The combination of 
isolation and adequate well construc- 
tion is sufficient to protect the supply 
from underground sources of contami- 
nation. No discussion of well con- 
struction will be made here because the 
high standards for municipal supplies 


are applicable for both underground 
and aboveground pumping stations. 

The site must selected to 
eliminate the danger of flooding from 
storm water runoff or other surface 
waters. The danger of contamination 
of underground strata by surface flood- 
ing must be emphasized to reflect its 
catastrophic and long-range effect. 

Every underground station should 
either be free of any possibility of in- 
undation or be protected by a water- 
tight wall above the highest water level. 
As a protection against surface flood 
ing, some counties have enacted ordi- 
nances requiring that the walls of the 
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pumping station openings be carried to 
a level 18 in. above the adjacent ground 
level (Fig. 2). This is in keeping with 
the practice of installing well pumps on 
concrete bases extending 18-24 in. 
above the adjacent ground levels. 


Types of Station 


There are, generally, three types of 
well pumping stations which may be 
placed underground. The first of these, 


shown in Fig. 3, contains a vertical 
deep-well turbine pump powered by a 
pump 


standard electric motor. The 


may discharge through a hydropneu- 
matic tank into a closed distribution 
system. It may also discharge into 
an open system with elevated storage. 
The second type, shown in Fig. 4, con- 
sists of a submersible deep-well pump 
discharging into either a closed or open 
distribution system. The third type, 
shown in Fig. 5, is a deep-well turbine 
pump powered through a gear head by 
an internal combustion engine. Again 
the pump may deliver into either a 
closed or open system. 


UNDERGROUND PUMPING STATIONS 


Fig. 2. Raised Wall of Pumping Station and Vent 


In Santa Clara, Calif., this engine-driven vertical turbine 
pump and its vent were protected from inundation by having 
their projecting walls well above the possible flood mark. 


Precautions 

In all three types, precautions must 
be taken to prevent contamination of 
the well at the surface openings. The 
opening between the pump head and 
concrete base, caused by irregularities 
in the concrete and pump head casting, 
may be sealed by cement grout. An- 
other method of obtaining a watertight 
seal is to set the pump on a sheet of 
rubber gasket material. The sounding 
tube opening and the gravel feed open- 
ing in gravel envelope wells are best 


sealed by threaded pipe caps. a 


The wells must be vented with a 
watertight vent extending to a point 
safely above the highest conceivable 
water level and must have a screened 
outlet. To prevent the creation of a 
vacuum in the pump after each shut- 
down, the pump must be vented. The 
air entrapped in the pump column is 
forced into the discharge pipe during 
each start. This air must be released 
prior to entering the distribution sys- 
tem. The venting and release can be 
made by use of an air and vacuum valve 
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494 a 
with a watertight vent discharging 
through a screened opening placed 
above ground. An air release valve 
with the same venting provision in- 
stalled on the hydropneumatic tank 
provides an alternate method of re- 
leasing the pump air in a closed system. 

The pits must be structurally sound 
and watertight. Wall openings for 
pipes must be watertight and have pro- 
visions for recalking to maintain this 
watertightness. Openings not pro- 


tected against surface flooding must be 
provided with watertight hatch covers. 

A sump must be provided to allow 
accumulated water to be pumped to 


DEAN S. KINGMAN 


Jour. AWWA 


ing the supply, however, are no better 
than the mechanics who maintain the 
installations. 

The watertight joint between the dis- 
charge head of the pump and the con- 
crete pump base is broken each time 
the pump is removed from the well. In 
reinstalling the pump, the seal will be 
replaced only if the workmen are so 
instructed and their work inspected by 
a responsible and qualified water works 
representative. The replacement of the 
piping which vents the well and pump 
discharge to points above the level of 
maximum flooding falls in the same 
category. 


Fig. 3. Underground Well Station, Electric Motor, 
and Well Pump 


waste. It is essential that the waste 
water be delivered to a point above 
ground, with free fall to a street gutter 
or other surface drainage. Frequently 
a nearby sanitary sewer is a convenient 
means of draining the pit. The danger 
is obvious, however, and in no event 
should the sump be connected to a sani- 
tary sewer. 

The inherent characteristics of un- 
derground pumping installations pre- 
sents a constant threat to the mainte- 
nance of the water supply. The poten- 
tial hazards may all be adequately con- 
tained by specific planning and instal- 
lation. The provisions for safeguard- 


Through lack of knowledge’ or 
through a skeptical attitude toward 
safety measures, workmen may fail to 
replace properly the facilities which are 
designed to protect the water supply. 
The danger progressively 
worse through the years. A false sense 
of security grows on pumping stations 
which have never been subjected to the 
severe conditions requiring extreme 
safeguards. The tendency after 5 or 10 
uneventful years may be to discontinue 
the replacement of the seals and vents 
which protect the station. The occur- 
rence of a “100-year storm” or the fail- 


becomes 


ure of a water line in the pit may then 
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result in flooding the pumping station 
and contaminating the supply. 

The underground chambers must be 
ventilated. All electrical equipment re- 
quires a constant circulation of air. 
The gas engines must have a small but 
uninterrupted flow of air to the mixing 
chamber. During protracted down pe- 
riods, some ventilation is required to 
control condensation. It is also essen- 
tial to prevent the accumulation of ex- 
plosive vapors. 

In some mechanical 
blower is used to draw large quantities 
of air into the pit and discharge them 


instances a 
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jacket is connected to a heat exchanger 
cooled by the pump discharge and ac- 
counts for approximately one-third of 
the heat in the fuel. The heat radi- 
ated from the exhaust muffler may be 
delivered to the air in the chamber but 
this increases room temperature. To 
offset this, the mufflers are frequently 
placed outside the pits and buried with 
sand backfill. Other means of reducing 
room temperatures are water cooling 
the exhaust manifold and insulating the 
exhaust piping. 

Noise of an underground pumping 
station is limted to that which travels 


Fig. 4. 


in the direction of the engine. They 
are exhausted from the pit through a 
horizontal duct placed outside the pit, 
in which the muffler is located. In this 
manner, heat from the engine and ex- 
haust accessories are continually car- 
ried to the outside atmosphere. 
Surprisingly enough, the engines do 
not require low room temperatures for 
proper operation. The engine water 
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Underground Well Station With Submersible Pump 


by way of the open vent of the pit. For 
standard electric motors, the noise at 
the ground surface is negligible. For 
internal combustion engines, however, 
the problem is more acute because the 
originating sound is much greater and 
the vent is usually larger. The instal- 
lation of acoustical tile on the ceiling 
of the pit does much to soften the sound 
aboveground and in the pit. Insulated 
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baffles, placed at the entrance and exit 
of the vent, are also of value in reduc- 
ing aboveground noise to a minimum. 
Access to the pit for maintenance and 
operation is provided by a stairway or 
ladder. As the reading of the pro- 
duction meter requires a daily trip into 
the pit by the operator, a_ stairway 
- which provides easier access is prefera- 
ble to a ladder. The stairway should 
be removable for engine-driven stations 
_ to provide a large opening for installing 
and removing the engine. Ample floor 
space around the engine must be pro- 
vided for engine overhauls that are nor- 

~ mally undertaken in the pump pit. 
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ration of the ground would produce ex- 
cessive uplift forces. Access to the tank 
manhole may be provided through a 
standard 4-ft masonry manhole or by 
excavating to the tank manhole for an- 
nual inspection and maintenance. 

The gage glass for the tank and the 
automatic air release mechanism may 
both be installed in the pump pit. The 
latter, however, should preferably dis- 
charge to a point above the level of 


maximum flooding. *¢) 
Booster Stations = 


Jooster pumping stations (Fig. 6) 
delivering water from a low zone to a 


Removal of the pump is accom- 
plished through a hatch centered over 
= the well. The hatch may be fitted with 
a watertight hatch cover or may be 
fitted with a screened raintight cover 
which will function as a vent. 

The hydropneumatic tanks for closed 
systems are readily placed  under- 
ground. External protection may be 
applied prior to lowering into the pit. 
Blowdown outlets may be provided, 
with the control valves placed under- 
ground and operated through standard 
valve boxes. The tank must be ade- 
quately supported. It should not be 
installed in areas where complete satu- 


Fig. 5. Underground Well Station With Internal 
Combustion Engine 


high zone are ideally suited for under- 
ground chambers. The operation sim- 
plifies the design of the plant. It is 
frequently possible to install one hori- 
zontal split case booster pump in a pit 
as small as 9 ft sq. This size pit is ade- 
quate for accommodation of the inlet 
and discharge gate and check valve. It 
will also adequately house the motor 
starter and controls. The controls defi- 
nitely must include a low-pressure shut- 
off to protect the low zone from exces- 
sively low pressures and the potential 
hazard of negative pressures. The 
latter may introduce contamination into 
sterile water mains. By placing the 
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control valves outside the pit, the mini- 
mum pit size may be reduced to 7 ft sq. 

Because of the small size of the pits, 
booster pumps are readily adaptable to 
sites in public rights-of-way. As they 
are not sources of supply there is no 
great need for locating them a substan 
tial distance from sources of contamina- 
tion. In fact, it has been found that 
booster stations have been installed in 
traffic islands and parkways where they 
have fitted well into the overall use of 
the right-of-way. 


Fig. 6. 


Underground Booster 
Pump Station 


Recent developments in the use of 
submersible pumps as boosters consist 
of installing them horizontally in the 
water main or in a steel barrel con- 
nected to the water main. The latter, 
the most popular method, consists of 
using a steel barrel with the top flanged 
to accommodate the submersible pump. 
The barrel is piped to the supply main 
and the pump is arranged to discharge 
directly into the main. The check valve 
is located on the pump discharge and 
gate valves are provided to take the 
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station out of service. A vent valve 
must be installed in the barrel to pre- 
vent formation of an air lock when the 
pump is placed in operation. 


Most water works people are neces- 


sarily concerned with costs. The com- 
parison of underground stations with 
standard pumping stations is somewhat 
difficult to make because of individual 7 
characteristics, pumping rates, and 

other factors. It is obvious that a sta- 

tion constructed in a public right-of 

way eliminates site acquisition costs 

which may reach $8,000-$10,000. 

This saving alone would offset any = 
added expense in reinforced concrete 
pit construction, or the added cost of 
a submersible pump over a standard 
deep well pump. 

The construction of the pit with its 
accessories will undoubtedly exceed the 
cost of a comparative pump house. 
The maintenance of a pit is cheaper. 
There are no windows to wash nor an- 
nual outside painting. Little dust or 
dirt finds its way into the pits and they 
are not apt to become the catchalls for 
miscellaneous supplies which eventu- 
ally require time and money to re- 7 
move. In fact, outside maintenance for 
stations located under pavements is ac- 
complished during the routine trips of 
the street sweeper. The elimination of 
continuous and costly complaints from 
a persistent and vociferous neighbor 
may in itself tip the economics in favor 
of an underground installation. 

In general, the costs of underground 
and aboveground stations tend to bal- 
ance when viewed over a period of 
years. Each proposed pumping station 
must be analyzed as to potential bene- 
fits and as to the cost of construction = 
and maintenance. 
Lae 
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Conclusions ape 
A review of the many factors affect- 
ing the location and design of pumping 
stations indicates that, under favorable 
circumstances, underground installa- 
tions are advantageous. Where the 
acquisition of a suitable site is either 
difficult or expensive, or both, an un- 
derground station in the public right- 
of-way may be a desirable alternate. 
In other situations, the objections to 
appearance and sound may be over- 
come by placing pumping facilities 
underground. 
The usual precautions for above- 


ground well pumping stations are 
equally applicable to underground sta- 
tions. Additional safeguards such as 
pit drainage, protection from surface 
waters, and ventilation must 
provided in the design of subsurface 
installations. These added safeguards 
must be maintained through the years 
by constant instruction to maintenance 
men and by competent inspection. 
With management, sound 
planning, and a vigilant attitude for 
maintaing safeguards, underground in- 
stallations present a sound means of 
providing necessary pumping facilities. 
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Distribution Controls at Madison, Wis. 


A paper presented on Sep. 27, 


Sewerage, Madison, Wis. 


MOD distribution system control 
involves proper design, proper in- 
stallation, and adequate records. Proper 
design involves study of long-range 
city development plans which usually 
include the location of new boulevards 
and through streets. Future wells are 
located so as to conform as closely as 
possible to the city master plan and, 
by placing larger feeder mains on the 
through streets and by planning pipe 
size for distribution with low friction 
loss, pumping can be done at the lowest 
head. Madison is unique in having its 
deep wells distributed throughout the 
city, so that only about 1 per cent of 
the distribution mains is larger than 
12 in. in diameter. 

The Madison water system is de- 
signed for a maximum velocity of 5 fps. 
Hydrants are spaced not more than 600 
ft apart in residential areas and not 
more than 400 ft apart in industrial 
or highly congested high-value areas. 
Valves are placed so that no more than 
one block of main is shut off during any 
single water main break. ~ 


Records 


After installation of a new main, the 
original plan, drawn by the water de- 
partment, becomes an assessment plan. 
Assessments are noted on the plan on 
each parcel and are approved by the 
superintendent. Later, these assess- 
ments are transferred to special forms 
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Elmer L. Nordness 


1956, at the Wisconsin Section Meeting, 
La Crosse, Wis., by Elmer L. Nordness, Supt. of Water Works and 


and delivered to the city clerk for tax 
roll purposes. 

Water main locations are recorded 
in an engineer’s field book from which 
they are transferred to the official dis- 
tribution system record book in the 
office of the city engineer. 

In Madison, water services are either 
“new services” or “improvement serv- 
ices.” New services are those which 
are installed after application for serv- 
ice is made, and improvement services 
are those installed prior to the improve- 
ment of a street with curb, gutter, and 
paving. 

Applications for water service are 
made by a licensed plumber on an ap- 
plication form furnished by the water 
department. This application is di- 
vided into two parts by a perforated 
line, the lower half constituting the 
order for setting the meter. These two 
forms make up the official order by the 
plumber (as agent for the owner) from 
which the department works. They 
show the name of the applicant, street 
address, legal description of the prop- 
erty to be served, size of service, 
whether already installed or not, kind 
of building (new or old), and size of 
meter wanted. The information on the 
service application is transferred to a 
service measurement card and a meter 
set card and sent to the service depart- 
ment, which makes the installation. 
When installed, the service box loca- 
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tion is measured from the property line 
at the end of the block and from the 
street line in front of the property 
served. This and other information is 
put on the service measurement card 
and filed at the service department of- 
fice where the essential information is 
transferred to a reference file. The 
card is then returned to the main office. 

When water is actually needed, the 
property owner or the plumber notifies 
the water department main office. The 
meter set card is given to the inspector 
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AWWA 


Jour. 


because the card has field information 
on its back, showing the kind of paving 
encountered, the number of pavement 
cuts made, the distribution of costs (as 
sewer and water costs), and the name 
of the foreman who supervised the in- 
stallation. The card also furnishes in- 
formation to plumbers and others with- 
out requiring an examination of the 
distribution system books. The meter 
set card is discarded after the informa- 
tion on it has been copied into the 
meter-reading books. 


MADE OATE TO BE READ 
ADDRESS. . OUT BY 
MAILING ADDRESS... — 


NEW OWNER = 


WORK 
GONE OV 


METER TO BE READ OR REMOVED LOCATION METER INSTALLED 
_OF METER 
METER BOOK 
FINAL YEAR 
INSTALLED. INSTALLED BY — 

WATER METER SPECIAL READING TURN ON INSPECTION OTHER 
SEWER METER TEST METER METER OUT POOR PRESSURE 


WORK DONE 


Pig. 1. 


who inspects the meter installation pip- 
ing and sets the meter if the piping is 
correct. He then measures the location 
of the water service box in the same 
manner as previously described so that 
two independent measurements are 
made. The service card is then re- 
corded in the distribution system rec- 
ord book. 

After the information from the serv- 
ice measurement card is recorded, the 
card is filed in the water department 
office by street name. This is done 


Inspection Report Form Used by the Madison Water Department 


A work order is one approved by the 
superintendent directing that specific 
work be done. The order shows the 
location of the work site and, where 
necessary, gives specific instructions. 
Where a plan is needed to augment the 
instructions, one is attached to the work 
order. As the work progresses, all 
details of time and materials, together 
with the names of employees—includ- 
ing dates and hours of work—are re- 
corded. When the order is completed 
and signed by the foreman, a compl 
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history of the job is available. Work 
order records are very valuable, especi- 
ally when questions on costs, lawsuits, 
and other matters arise. They consti- 
tute a legal record of work done. If 
changes are made in the distribution 
system as a result of the work done, 
the foreman draws a sketch of the 
change on the work order. This infor- 
mation is sent to the main office for re- 
cording in the distribution system 
books. The work orders are kept for 
6 years and then destroyed. 

Service department reports are made 
monthly and yearly. Each report shows 
the number of water services installed 
(by size and type), the total cost, and 
the cost per service. Also given, by 
street, are the lineal feet of each size 
of water main, the total cost, the cost 
per foot, the number of hydrants, the 
total cost, and the cost per hydrant. 
Each motor vehicle, including cars and 
trucks, is listed separately, showing the 
miles traveled, maintenance and _ re- 
pairs, gas and oil used, and cost per 
mile. Total mileage for all vehicles, to- 
gether with total costs and average cost, 
is the summary figure. The report in- 
cludes operation time and costs per 
hour for the hydrocranes, hydrohoes, 
bulldozers, jeeps, air compressors, and 
pumps. Also shown are the number 
of meters changed, repaired, and set, 
and a summary—by size—giving the 
total of meters gained in the system. 
A list of about fifteen of the larger 
items purchased during the year is 
given, and total dollar sales to plumb- 
ers, together with the profit realized, 
is recorded. 

Because of the work order record, 
most of the items in the service depart- 
ment reports are only a matter of copy- 
ing. Of equal importance, however, is 
the list of items added to or subtracted 
from property and plant through the 
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The distribution system record is 
probably the most important record 
kept by the water department. In this 
record, the entire distribution system 
is shown, at a scale of 1 in. = 60 ft, 
on cloth-backed, 18 x 26-in. sheets. 
Included are street lines, lot lines, 
water mains, hydrants, valves, services, 
manholes, fountains, and every other 
part of the system. The size and year 
of installation of some 25,000 water 
services are recorded together with 
dimensions to curb boxes as shown by 
end-of-block measurements and dis- 
tances into the street from street lines. 
Each section of the city is shown on a 
condensed index map on which each 
page of the book is outlined, numbered 
and colored, to facilitate rapid location 
of the limits of the areas shown. In 
addition, each page number is sur- 
rounded by numbers indicating the 
page numbers of adjacent sheets, thus 
eliminating repeated references to the 
index sheet when additional areas are 
being studied. 

The books are worked on whenever 
time is available during the construc- 
tion season, and are brought up to date 
completely during the winter months. 
Every 5 or 6 years, each page of the 
distribution system books is photo- 
graphed to a scale of ;'y in. = 10 ft and 
assembled in loose-leaf books. These 
are stamped with the name of the em- 
ployee and the office or truck where it 
is to be kept for field use. 

About 30 books are made. Each 
year, all new and corrected pages of the 
large books are photographed and the 
new prints added to all field books. 
This method assures complete informa- 
tion about the distribution system in 
the field at all times. 

Another of the records used concerns 
the important function of maintaining 
good public relations and illustrates the 


servi artment. CoP biel ae need for good distribution system rec- 
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ords. This record is the inspection re- 
port, which is actually a customer’s 
request-for-service form. Bound in 
tablet form, they consist of duplicate 
sheets—one white and one pink. The 
white sheet is used by the inspector and 
the pink copy kept in the office until 
the investigation is completed. The 
form, shown in Fig. 1, is about 5 x & 
in. and includes space for recording 
suggestions to the customer or the of- 
fice (in the event the inspector feels 


higher authority is necessary ). 


Some of the typical problems en- 
countered in the home by an inspector, 
which can usually be readily solved 
when dependable system control exists 
are dirty water, noisy meter, leaks, ex- 
cessive chlorine taste or odor, noisy 
faucets, no water, flooding, sand in the 
water, humming noises, musty tastes, 


Inspection Problems 


and sink stains. 

The origins of some of the complaints 
may be pertinent; dirty water, for in- 
stance is invariably a result of the fact 
that hot water heaters are not flushed 
as often as they should be—at least 
every 30 days. Dirt may also come 
from the regenerating salt in the sof- 
tener, coupled with failure to backwash 
the softener at each _ regeneration. 
Leaks, of course, can occur before or 
after the meter. If the latter, the water 
supplier’s duty is discharged when the 
water is shut off at the meter; if the 
former (particularly if there is snow 
on the ground ), accurate location of the 
curb stop must be available if the leak 
is to be handled efficiently. 

The assertion that the water has been 
shut off without reason is often best 
met with the standard question : “Have 
you checked the valve in front of the 
meter to be sure it is not turned off?” 
The reply, usually negative, is then fol- 
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lowed with the second standard ques- 
tion: “Have you a small boy, 4 to 6 
years old, with an inquisitive mind?” 
This reply, commonly in the affirma- 
tive, usually indicates the youngster as 
the cause of the trouble. 

Flooding is often caused by careless- 
ness. Typical is the case where a fau- 
cet will be left open when the water 
has been shut off for some legitimate 
reason. When service is restored, the 
forgotten faucet begins to flow, and the 
sink fills and overflows. 

Grit or sand in the water is almost 
always traceable to the mineral in the 
water softener, which carries over into 
the piping. Humming sounds are com- 
mon as complaints, and their locations 
can be determined by closing the valve 
in front of the meter, or by removing 
the meter temporarily. Often, the 
trouble is in the water line. Hundreds 
of hours of investigation have been 
spent on this subject by manufacturers 
of horizontal centrifugal pumps. At 
Madison, the problem is solved by in- 
stalling one of two devices—both of 
which act on the same principle. Both 
devices derive from the fortunate ob- 
servation, during installation of an oil 
burner, that tank hum could be stopped 
by installing a valve in the line from 
the burner to the tank. This valve, as 
used in the Madison water system, has 
the valve stem cut off, a steel ball bear- 
ing substituted for the leather washer, 
and a spring (smaller in diameter than 
the bearing) placed between the bear- 
ing and the stem. Thus, the stem 
pushes on the spring which holds the 
ball against the opening in the valve. 
The humming stops because the spring 
substitutes a variable pressure for the 
constant pressure of the valve stem. 
When water is needed, city pressure 
compresses the spring and opens the 
valve. This valve has the defect of 


Apr. 1957 


sometimes producing water hammer. 
The use of a pressure-reducing valve 
will also give the same results, with 
the added flexibility of permitting a 
change in the pressure to the house, 
where it is wanted. 

Examination of gummy substance in 
customers’ water pipes has shown it to 
be a waxy material of the kind used 
to line many softener tanks. Trouble- 
some hot-water heaters, in which the 
boiling water backs up through the 
softener and softens the wax lining, 
have been found to be the cause. After 
softening, the wax is carried out 
through the meter and the house serv- 
ice, and into the water main in the 
street where the wax is cooled and car- 
ried into the adjacent service of a 
neighbor or neighbors. On such occa- 
sions, too, distribution system records 
are valuable in checking the services. 


Hygienic Safeguards 


Safe water is mandatory in the dis- 
tribution system, but when new pipe is 
furnished it has usually become con- 
taminated between fabrication and in- 
stallation. For some years, it was dif- 
ficult to obtain samples acceptable to 
the city board of health. There has 
been little or no trouble in this respect 
since adoption of the following proce- 
dure, as now embodied in water main 
specifications : 


The contractor must constantly bear in 
mind that these pipelines are to be used 
to convey water for drinking purposes. 
The interior of each pipe shall be swabbed 
clean by the use of a rod, to the end of 
which is fastened a clean cloth swab of 
about the same size as the pipe being laid. 
This shall be done immediately before 
each length of pipe or each fitting is low- 
ered into the pipe trench. Special care 
shall be taken to see that no dirt or other 
foreign matter enters the pipe during the 
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process of joining the pipe to the existing 
bell of the pipe in the trench. The water 
department will furnish a blank plug, 
which shall be placed in the bell of the 
pipe or fitting in the ditch whenever the 
work is temporarily stopped. The con- 
tractor will be charged for all work and 
materials necessary for cleaning pipelines 
which have not been properly plugged 
during construction. 

The contractor shall deposit the follow- 
ing amounts of chloride of lime in each 
18-ft length of line: 4-in. pipe, } can; 
6-in. pipe. 4 can; 8-in. pipe, can; 10-in. 
pipe, 1 can; 12-in. pipe, 14 can. Each can 
contains 12 oz by weight and will be 
supplied by the water department at no 
expense to the contractor. When the 
water is turned on, only enough water 
shall be permitted to enter the pipeline 
to fill the line with water. The chlo- 
rinated water shall remain in the pipeline 
until such time as the engineer directs 
that it be flushed out. The engineer will 
collect samples for making bacterial tests 
of the water, and the newly laid line must 
not be put in service until the water is 
pronounced safe by the city health de- 
partment. Hardened chloride of lime 
shall be discarded. 


Pressure Problems 


Home construction on hillsides or in 
elevated areas is expanding. Madison 
has three such areas, two of which are 
in the city and one in a village which 
is served by Madison water. Each of 
these high-pressure areas has its own 
problems in insuring continuity of serv- 
ice. Service of high-pressure water to 
the so-called Nakoma area began in 
the 1930’s. The high pressure was 
then some 30 psi higher than the regu- 
lar city pressure and was accomplished 
by means of two booster pumps, placed 
in series, and a pneumatic tank. It was 
not long before the pneumatic tank was 
found unsatisfactory because inspec- 
tions were too infrequent to prevent 


its becoming water logged. As a re-— 
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placement, a water tower, or elevated 
tank was installed. This tank, with a 
capacity of 100,000 gal was elevated 
sufficiently to give the same pressure 
from the tank alone as was maintained 
with the pumps. The system worked 
very well until the capacity of the 
pumps was found inadequate even with 
the help of the 100,000 gal of storage 
in the tank. 

A few years ago it was found neces- 
sary to augment the supply in this area 
by drilling a deep well and installing a 
low-service reservoir. Efforts were 
made to make this unit one which 
would be satisfactory for several years ; 
at first, however, the same problem of 
too much pumpage, too little consump- 
tion during the off-peak demand pe- 
riods was troublesome. This was 
solved by installing a pressure-release 
valve at a selected junction between the 
high- and low-pressure systems. 

This pressure-release valve is dia- 
phragm operated and can be set quite 
accurately to almost any differential 
pressure. The valve is adjusted so that 
it opens at a predetermined high pres- 
sure to permit the discharge of water 
from the high-pressure system to the 
regular low-pressure system of the city. 
The valve closes when a predetermined 
low pressure is reached in the high- 
pressure system. This valve has given 
very satisfactory service and effectively 
solves the problem. It cannot, of 
course, substitute for 100,000 gal stored 
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at the desired pressure above the 
ground, but it does permit the deep- 
well pump and the high-service pump 
serving that area to operate with a 
minimum number of shutdowns. 


New Methods 

Two satisfying developments of the 
last 25 years are the great increase in 
efficiency and life of deep-well pumps, 
and the new machinery for installing 
and maintaining water distribution sys- 
tems. Both of these have had a marked 
effect on costs at Madison. 

In the past, the mud, the physical 
discomfort, back-breaking labor, and 
the time involved in water main leak 
repair made it a major operation. 
Now, with the modern cranes and back 
hoes, with air compressors and air 
tools, the crews move to a break, open 
the street, remove the muck with a 
crane bucket, and, with very little 
shoveling, expose the leak. Repairs 
are made with modern fittings which 
require no melted lead, and the trench 
is quickly backfilled with sand and 
topped off with blacktop materials. 
The time needed is only a fraction of 
what it was years ago. Together with 
time-saving machines now available for 
handling valves, hydrants, pipe, and 
fittings, for the turning of valves, and 
the installation and maintenance of 
hydrants, these improvements have 
made distribution system control truly 
effective. 
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Water 1s Your City’s 


Salesman 


The quickest way to be beseiged with complaints is to 
allow odorous water to get through to your consumers. 
Such occurrences can be prevented by adequate dosages 
of AQUA NUCHAR, activated carbon. Odor concen- 
trations can be controlled within palatable limits by 
running periodic Threshold Odor tests throughout the 
day, and varying the carbon dosage accordingly. 


Our Technical staff will gladly, without obligation, give 
your plant a complete odor survey and recommend how 
ind where AQUA NUCHAR can best be used to pro- 
luce palatable water. 


GOOD CARBON:GOOD WATER-GOOD WILL 


New York Central Building Pure Oil Building 
Park Ave. New York 17. CHEMICAL SALES 35 E. Wacker Drive, Chicago 1. 
Phila. Nat'l Bank Bidg 


2775 S. Moreland Boulevard 
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METERS 


It takes money to maintain the water supply 
your community expects. It's vitally important 
to make sure all the water pumped is paid for 
. .. by using accurate meters . . . and by keep- 
ing these meters in good repair. 

Trident meters are built to hold accuracy 
longer, so you receive all the revenue you 
should. They're built to be easier to repair, so 
your shop time and expenses are cut down. 
They're designed se that the newest parts fit 
he ol ... simplifying your repair 


NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N.Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Road © Toronto 14, Ontario 


Branch Offices in Principal 
American and Canadian Cities. 


TRIDENT 


> 
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thoroughly modern performance from your — 
oldest meters. 

For more than 50 years, Neptune has built 
fine meters designed to earn more and cost 
less. Many 50-year-old Tridents are still in 
service... perhaps in your own community 
... living proof that the Tridents you buy to- 
day will be a credit to your water system for 
many long years to come. 
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The dean of the water works field 
has retired. As a matter of fact, he 
retired last Jan. 1 and our delayed re- 
action in giving recognition to his 
change in status can only be attributed 
to our reluctance to see him become 
even relatively inactive in a field to— 
which he has given active service and 
leadership for all of 63 years. We 
mean, of course, Bill Brush, retired 


now as Editor of Water Works Engi- | 


neering after 23 years of service in 


that post. 


Bill retired once before—in 1934—_ 
upon completion of 40 years of service _ 


in the New York City water system, 
culminating in his position as chief en- 
gineer of water supply from 1927 
His retirement then was happily not 
retirement from service to the field of 
public water supply. During the past 
23 years he has shared with the field 
the knowledge gained in his first-hand 
experience and in his observation of 
and participation in all aspects of water 
works progress since that first “retire- 
ment.” And now we shall look to him 
to assume the role of elder statesman, 
thus to continue to share with all of 
us the wisdom he has accumulated in 
his more than decades of active 
duty. 

Although the water works field as a 
hole is tremendously in Bill’s debt 
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for his invaluable services throughout 
the years, AWWA is, if possible, even 
more so, for, from the time he joined 
the Association in 1911, Bill has been 
an Active Member in every sense of 


q 


the word. And when he retires as 
Treasurer at the Atlantic City Confer- 
ence next month, he will have com- 
pleted 35 consecutive years as an of- 
ficer of AWWA—a service that canno 
more be properly acknowledged than it 
can be matched. As a token of its 
appreciation, the Association is dedi- 
cating the annual banquet and ball to 
Bill, but even a William Whitlock 
Brush Testimonial Dinner and Dance 
will not, we hope, give him the idea 
that we plan to get along without his 
sage counsel or his good self. 

A well-earned vacation we'll not be- 
grudge him as ex-chief engineer, re- 
tired editor, and Treasurer Emeritus, 
but Dean on Tap we know he'll remain. 
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A.C. will be transformed come May 
12-17 when upwards of 3,000 fresh 
water workers and their wives take 
over the boardwalk, the hotels, and 
Convention Hall. With more than 
2,000 hotel reservations already on the 
books, with an exhibit that promises 
to outshine even the Diamond Jubilee 
show at St. Louis last year, with “the 
best program ever” on tap (see March 
P&R p. 52), and with the weather 
guaranteed by the New Jersey Section 
to be balmy and bright, AWWA’s 77th 
Annual Conference promises to live up 
to its “double natural” number. Dou- 
ble natural, at any rate, will be the 
schedule of activities, with every hour 
from the opening of registration on 
Sunday, May 12, through the Bill 
Brush Banquet and Ball on Thursday 
night offering a fill of fact, fun, and 
fellowship. “To lighten your load,” 
says AWWA, “and to increase your 
capacity, plug in at A.C.” 


Applications are being accepted un- 
til Jun. 1 for the 1957 ENR Aid-to- 
Education Award, consisting of $1,000 
for study in the field of public works 
engineering at a school selected by the 
recipient and approved by APWA. 
All candidates (engineering school sen- 
iors and graduates are eligible) must 
have been employed full time for at 
least 8 weeks by a municipal public 
works organization or similar agency. 
For details and application forms, 
write: American Public Works Assn., 


1313 E. 60th St., Chicago 37, II 


executive committee of Wallace & 
Tiernan and AWW4A’s new Treasurer, 
has received the B’nai Brith Ameri- 
canism Award in recognition of his 
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William J. Orchard, member of the 
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activity in civic affairs. Mr. Orchard 
is a resident of Maplewood, N.J. 


Harry Reinhardt has retired as vice- 
president and chief engineer of Cali- 
fornia Water & Telephone Co., San 
Francisco. He had held the post since 
1935, when the firm was organized. 


U. T. Greene has been given the 
newly created post of assistant direc- 
tor of commercial development for 
Diamond Alkali Co., Cleveland. Dr. 
Greene, who has been with Diamond 
since 1942, recently completed a term 
as director of the Chemical & Rubber 
Div. of BDSA. 


Fischer & Porter Co. has opened a 
office at 3025 N. Illinois St., 
Indianapolis, Ind. William Morgan, 
former head of the company’s Mil- 
waukee office, will be Indianapolis dis- 
trict manager. 


sales 


The droughtbound Southwest will 
be comforted to know that the past 
year was a dry one all the way west 
and north to the Coast Range of west- 
ern Oregon, where the town of Valsetz 
recorded a rainfall more than 20 in. 
below the 1937 record. As a matter 
of fact, only one day of all 1956 was 
considered worthy of reporting, and 
that was way back on Jan. 4, when the 
community had 5.15 in. of rain in a 
24-hr period. Total precipitation for 
the drought year was a mere 148.23 in. 
Pour Valsetz! 


Chain Belt Co. has created three 
new regional sales managerships— 
Eastern, headed by J. B. Roberts ; Mid- 
west & Southern, headed by William 
Sivyer; and Northwestern, headed by 
H. F. Bergis. 
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4 15 to 350 gpm 
high quality water 
at low cost! 


with the 
 “ACCELAPAK” 


(trademark) 


Treating Plant 


Designed specifically for small communities, 
subdivisions, industrial plants, resorts and 
estates, an “ACCELAPAK” treating plant can 
be installed at comparatively low cost and 
requires very little attention in operation. Another 
example of INFILCO leadership in water-treating equipment, 
the “ACCELAPAK” plant includes an ACCELATOR® clarifier or 
softener, slurry feeder, coagulant feeder, rate of flow controller, 
gravity or pressure filter and other feeders, pumps and purifiers 

as needed. It is readily adaptable to existing structures. 


INFILCO KNOWS HOW. ... to help solve your problem. Over 

2000 “ACCELATOR?” treating plants are giving efficient, 

economical and dependable service. If you are tolerating inferior 

water or makeshift methods of an obsolete plant, investigate 
this outstanding unit. Write today for Bulletin 1870-JA-O7A. 


Inquiries are also invited on all other water and waste 


sedimentation, filtration, flotation, aeration, 
ion exchange and biological processes. 


INFILCO INC. 
Tucson, Arizona 
The one company offering 
equipment for all types of 
water and waste treatment 


FIELD OFFICES THROUG? 
OUT THE UNITE 
STATES AND IN 
FORIEGN 
COUNTRIES 
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The romance of water supply, 
which has led poets to sing of high 
mountains and bubbling brooks, of me- 
andering streams and limpid lakes, 
even of the quiet, cool, cleanliness of 
the deep earth, has taken rather a 
shellacking of late. The campaign 
against pollution has, itself, rubbed a 
good deal of the gloss from the idea 
of pristine pumpage, and the gradual 
dying off of those who cherished the 
memory of “the well back home” has 
helped people to a more realistic un- 
derstanding of water supply. Even so, 
we thought that Chanute, Kan., might 
be going a little too fast last December 
in advertising the fact that it was turn- 
ing its sewage effluent into the water 
intake to stretch its supply (see Janu- 
ary P&R, p. 36). Now, though, it 
appears that they couldn’t have cov- 
ered up the story if they had tried, for 
these days, with a considerable portion 
of the practically undiluted syndets 
passing through the water treatment 
plant, a glass of Chanute drinking wa- 
ter has more suds than a glass of the 
best beer. Not the taste involved—for 
the suds are said to be bland—but the 
constant reminder they provide of the 
recent past history of the supply is re- 
ported to have significantly reduced 
the number of tap water drinkers in 
town. 

Even in less dramatic situations than 
Kansas’ desperate drought, however, a 
clue to the not entirely romantic source 
of drinking water is often provided. 
Thus, in Michigan last winter, the 
State Dept. of Health reported finding 
that a rust inhibitor being used in one 
of the snow-removing chloride com- 
pounds contained 50 ppm of hexavalent 
chromium. With samples of snow 
showing contents up to 10 ppm, con- 
cern was expressed over the possibility 
of contamination of water supplies— 
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particularly surface supplies, but ground 
waters, too. And Michigan’s warning 
to investigate the chemicals used on 
roads lest they contaminate the drink- 
ing water leaves little enough to the 
imagination of even the wishfullest 
thinking of our water drinkers. 
Romance was never like this! 


No minute men are water works 
men, but men of the year—and now 
that fact is beginning to achieve public 
recognition. Thus, at Ottawa, Ont., 
last January, W. Elwood MacDonald, 
commissioner of water works, was des- 
ignated “Man of the Year” by the 
Ottawa Press Club for having made 
the most outstanding contribution to 
the well being of his community during 
1956. And at Phoenix, Ariz., a month 
later, Dario Travaini, general super- 
intendent of water and sewers, was 
named “Arizona Engineer of the Year” 
by the Arizona Society of Professional 
Engineers for his contributions to his 
profession and to his community dur- 
ing 1956. In congratulating them now, 
we can congratulate their sections, too, 
for having had the wisdom to elect 
them members of AWWA’s Board of 
Directors, past and present. 

Meanwhile, man of the hour, at the 
very least, was Wendell: R. LaDue, 
water superintendent and, chief engi- 
neer at Akron, Ohio, when the city 
council last Feb. 5 passed a resolution 
congratulating him on the naming of 
the AWWA safety awards in his 
honor. 

Men of distinction all, and their nu- 
merous distinctions not only result 
from their good water works, but help 
insure their continuance, for public 
recognition is no more personally grati- 
fying than it is professionally helpful. 
And it is the recognizing public, of 
course, that benefits most. Thus, we 
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| This PUMP 


is your TRUMP... 


eel STERILIZE your own water supplies! 


You'll win all around ... with this “packaged” unit that contains every- 

thing needed to properly, safely, and dependably handle hypochlorite 
solutions ... for sterilizing small water supplies, for emergency water 
sterilization, or for standby service. 

You'll be playing it safe . . . because the basic unit is a Proportioneers Me 
Heavy Duty Midget Chlor-O- Feeder, the proportioning pump that has 

won such universal acceptance. bm. 


HERE’S THE WINNING HAND .. . 
¢ Low initial cost, minimum upkeep expense due to J 
simple, durable construction. 

¢ Delivers 0.5 to 9 gph against pressures up to 85 psig 
to meet most small installation requirements. 


© Positive displacement diaphragm pump features anti-corrosive construction 
throughout, has ‘‘see-thru” pumping head showing pumping action at all times. 


¢ Backed by PROPORTIONEERS, leading manufacturer of chemical feeders. 


¢ Complete package —easy to install. 
IT’S YOUR TURN TO WIN! 
FREE Bulletin 1201-2 gives complete details ... . send for your copy 


today! PROPORTIONEERS, INC., 365 Harris Ave., Providence 1, R. I. 


@ PROPORTIONEERS 
B-I-F 
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(Continued from page 42 P&R) 


can salute Ottawa, Phoenix, and Ak- 
ron as well as their “Men.” 


“Highwaymen” is what we have 


called those roadbuilders whose activi- 
ties made it necessary for utilities to 
invest huge sums in relocation of 
their facilities without reimbursement. 
Some considerably stronger appella- 
tion must have been employed by the 
Catskill farmer who was faced with 
the same kind of problem when the 
New York State Thruway separated 
his home from his outhouse. Just 
what he did say or do, however, may 
be worth investigation, for the New 
York Assembly has approved a Dill 
giving him permission to sue the state 
for the violation of justice involved. 
The legal details of right of way in 


N-Sol 


ACTIVATED SILICA 


CLEARS UP 
TURBIDITY 
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the case are, perhaps fortunately, not 
available to us; about the humane 
rights there can certainly be no ques- 
tion. But if, as we have to assume, 
the separation still exists, we must 
wonder not only about the interim ex- 
pedients, but the remedies involved if 
the suit is successful—more than an 
easement, certainly ; a bridge, perhaps ; 
or, possibly, new access and exit ways 
to handle the regular traffic. Inas- 
much as the utility involved is not a 
public one, we must presume that the 
decision rendered will be useless as a 
precedent and that, therefore, the wa- 
ter works industry will be unable to 
profit directly from this one-man _re- 
volt against the “highwaymen.” Cer- 
tainly, though, we must express ad- 
miration for the remarkable display of 
intestinal fortitude involved. 


When caw water turbidity is high, N-Sol coagulant aid helps 


you to get 

@ sparkling clear water —, 
@ increased filter capacity 


The N-Sol floc is large and tough—enmeshes more impuri- 
ties; settles fast. Convince yourself with jar tests. Activated 
silica sol is made from our N sodium silicate and a reacting 
chemical. Samples of N silicate and directions on request. 


N-Sol Processes 
PQ Sodium Silicat 


Trademarks Reg. U.S. Pat. Off. 


PHILADELPHIA QUARTZ COMPANY 
1142 Public Ledger Bldg., Philadelphia 6, Pa. 
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VISIT OUR EXHIBIT AT 
CONVENTION HALL DURING THE 


Annual AWWA meeting in 
Atlantic City, May 12-17 


BOOTH 518-522 


i aaa The distinctive design of the Graver Reactivator®, 
proven in hundreds of installations, combines all four of 

. these important features in one unit: 1. Controlled Sludge 
40°90 Recirculation, 2. Separately driven Sludge Scraper, 3. Low 


Sludge Level, 4. Sludge removal over entire bottom area 


WRITE FOR 


Municipal Dept. M-113 845 © 


GRAVER WATER CONDITIONING co. 
A Division of Graver Tank & Mfg. Co., Inc. 


io 

] 

4 
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| 

GRAVER 
216 West 14th Street, New York 11, N. } eye | 
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W. Thomas Gettig, general man- 
ager of the Rockwell Mfg. Co. valve 
plant at Barberton, Ohio, has been 
named assistant to the vice-president 
in charge of the firm’s Meter & Valve 
Div. Elton H. Sellers will take over 
as general manager at Barberton. 


The tables at Las Vegas have ap- 
parently turned, or else the reporter 
for the Aluminium News didn’t make 
the acid test of the 5-acre parasol he 
described as covering a Vegas reser- 
voir to prevent evaporation of its wa- 
ters in the desert heat. What else 
but a very bad streak of luck could 
possibly have reduced the take to a 
point where a Nevadan would specify 
aluminum in place of silver, and what 
Nevadan in any but desperate straits 


(Continued on page 48 P&R) 


AMONG WATER WORKS MEN 


THE HEAVY-DUTY 

ELLIS 
CUTTER 
is BEST 


FOR CUTTING LARGE 
SIZES OF PIPE 


No. 01 Cuts Pipe 4” to 8” 
No. 1 Cuts Pipe 4” to 12” 


Write for circular and price list 
No. 40J on our complete line of 
pipe cutting tools. 


ELLIS & FORD MFG. CO. 


2425 Goodrich Ave. Ferndale, Michigan 
Phone Lincoln 7-3600 


would accept a 5-acre slug, and who in 
Las Vegas drinks water anyway? At 


any 
hex 


rate, we can appreciate that the 
in hexadecanol would eliminate 


that evapoproofing possibility. 


Jack E. Hesse has been appointed 
manager of the Johns-Manville as- 
bestos-cement pipe plant now under 
construction at Denison, Tex. Some 
units of the new plant are expected to 
be in production during the third quar- 
ter of 1957. 


Kennedy Valve Mfg. Co. marked 


the 


50th year of operation of its El- 


mira, N.Y., plant (and the company’s 
80th year in business) by presenting a 
special chrome-plated hydrant to the 


city 


of Elmira. 


an 


4a 


1028 Connecticut Ave., N. W. 
WASHINGTON 6, D. C. 


SILICOFLUORIDE 
| | (Fluosilicate 
| 


Consulting Engineers Freese, 
Nichols and Turner wisely chose 
couplings for joining piping in 
Houston's new water purification 
plant. Dresser Style 38 Couplings 
ranged in size from 18 to 48 inches. 


Houston solves piping problems for good 


Steel pipe and Dresser Couplings provide flexible installation, easy accessibility 


Houston’s new water purification plant, a 
part of the San Jacinto River Water Proj- 
ect, integrates some of the latest develop- 
ments in industrial design with time-proved 
principles of municipal water treatment. 

The new plant reflects the wise use of 
steel pipe and mechanical couplings where 
weight, price and greater flexibility are 
important factors. 

Consulting Engineers Freese, Nichols and 
Turner of Houston specified Dresser Cou- 
plings teamed with steel pipe “to provide 
for expansion and contraction of long runs 
of pipe, to provide for flexibility in the in- 
stallation and possible future dismantling 
of large pipe assemblies, and to connect 
steel pipe to concrete hydraulic structures.” 

Whenever you join pipe—especially near 
valves or any type of mechanical installa- 
tion—provide easier installation and _per- 
manence with safe, sure Dresser Couplings. 

Regardless of vibration or expansion- 
contraction, the resilient gaskets in Dresser 
Couplings hold bottle-tight for life. This 
built-in flexibility, particularly important 


between rigid flanges, serves to prevent 
piping strain from reaching valve casings 
and working parts. Result: greater effi- 
ciency, longer life. 

Installation with Dresser Couplings re- 
quires only a wrench, is fast and simple. 
You can forget time-consuming procedures 
because Dresser Couplings compensate for 
slight misalignments, facilitate installation 
of set, rigid equipment on piping. These 
couplings also permit easy entrance into 
lines for maintenance or repair of equipment. 

No other method of pipe joining provides 
all these proved advantages. Make sure you 
have foolproof, leakproof Dresser Couplings 
on your next water, sewerage or industrial 
project. For complete information, call 
your local piping supply 
house or write Dresser 
Manufacturing Division, 
Bradford, Pa. Sales of- 
fices in: New York, Phila- 
delphia, Chicago, S. San 
Francisco, Houston, Den- 
ver, Toronto and Calgary. 
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$1,000,000 


worth of research available in 
convenient, usable form at less 
than the cost of printing, which 
was largely absorbed by the 
JouRNAL. 


SURVIVAL 
AND 


RETIREMENT 


Experience With Water 
Works Facilities 


Containing vital information 
on the actual life of mains, 


valves, meters, services and 
other facilities in 26 cities, to- 
gether with 56 pages of sum- 
mary tables that condense the 


data for easier interpretation. 


Presents the facts of life (and 
death) of the facilities of water 
supplies serving almost 10 per 
cent of all U. S. consumers plus 
400,000 Canadians. uae) 


576 pages i 


List price 
Special price to mem- 

bers who send cash 

with order ....... $2.40 


American Water Works Association 
2 Park Avenue New York 16, N. Y. 
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George Tatnall has been named as- 
sistant chief engineer in charge of the 
Chicago office of the National Board of 
Fire Underwriters. Mr. Tatnall, who 


| has been with NBFU since 1924, suc- 


ceeds the retiring John H. Arnold. 
The Chicago office supervises NBFU 
engineering activities in the midwest- 
ern states. 


A pocket-size pH meter is being 
marketed by Scientific Instruments 
Div., Beckman Instruments, Inc., Full- 


| erton, Calif. The battery-operated me- 


| ence and glass electrodes. 


ter has a range of 2-12 pH, and its 
_ single electrode combines both refer- 


There is 


also a “memory” diel for use in 


standardizing. 


George W. Pracy, former AWWA 
president, retired last month as general 
manager and chief engineer of the San 
Francisco Water Dept., after more 
than 47 years with the department and 
its predecessor, Spring Valley Water 
Co. Mr. Pracy had been general man- 
ager since 1949, 
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FOR FEEDING AND SLAKING 
QUICKLIME IN LARGE PLANTS 


Omega Lime Sloker with Loss- 
In-Weight Feeder 


¥ — within +1% of set feed rote 
(by weight 


Cepacity — 50 to 12,000 Ibs. /hr 


100 to 1 on feeder 
10 to 1 on slaker 


FOR FEEDING LIME SLURRY IN LARGE PLANTS 


Omege Rotodip Liquid Feeder 
Accuracy — within +1% of calibroted rote 
Cepecity — moximum rotes up to 1800 gph 
Feed range — up to 100 to | 


FOR FEEDING HYDRATED LIME... 


Omege Omege 


Loss-In-Weight Universal Feeder 
Feeder, Model 30 Acevrecy — within 
Accurecy within +3% to 5% by 
+ 1% (by weight) of weight 
| set feed rate Co — 3 sizes for 
- rates up to 
Su.” $000 Ibs /hr 
to 
Feed — high ve 


necessary Opplication 


If you're feeding lime . . . quicklime, hydrated lime or dolomite, as a - 


slurry or dry, at low or high rates . . . and want to do it economically, 7 


accurately, and dependably . . . investigate the advantages of Omega Feeders. 
_ For specific recommendations, send complete details of 


your feeding requirements... to 
Omega Machine Co., 365 Harris Avenue, Providence 1, R. i < ‘te 


look for us 
ow| QIOMEGA MACHINE CO. 
BOOTHS 201-203- B-Il-F INDUSTR E 


205-207 
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Chicago. t ron pipe for wote 
rerouted re ath Michigon A 


When you choose pipe there should be no doubt . . . no single reservation 
as to its performance. 

You can be sure when you specify cast iron pipe. Its long life. dependability, 
economy are built in—end result of five individual strength factors... all vital. 
These factors... listed at right... have rolled up a service record 

unique in industry, 44 cities in the United States and Canada are still id 
using cast iron water mains laid a century and more ago. 

Hundreds of others are nearing the century mark 

And today’s modernized cast iron pipe, centrifugally cast, is even 


tougher, stronger, more durable. 


What other pipe can offer you such assurance of performance? 


50 P&R JOURNAL AWWA 
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DOUBT AND WATER? 
RON PI PE 
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-RDON’T MIX! 


Dependability is based on strength | 
Strength is based on these five factors 


EB. CRUSHING STRENGTH". . . Standard 6” Class 150 cast iron pipe will withstand 
a crushing load, under standard tests, of 17,900 pounds per foot important where 


heavy fill or unusually heavy traffic loads must be overcome. 


2. BEAM STRENGTH’... Settlement or disturbance of the soil by other utilities or 
resting on an obstruction places a heavy strain on pipe. 6” Class 150 pipe bears up under 


a load of 20,790 pounds and deflects 2.32 inches. 


3. BURSTING STRENGTH’... The average of many tests proves that standard 
6” Class 150 cast iron pipe will not burst until subjected to internal pressure 


of 3000 pounds psi ample to resist water hammer or unusual working pressures. 


4, JOINT STRENGTH... A full range of leak-proof, low cost, easy-to-assemble 


joints and fittings are available to meet all conditions. 


5. CORROSION RESISTANCE . . . Cast iron Pipe resists corrosion effectively ... 
vital factor in its demonstrated long life and dependability. 


*Bosed on independent laboratory tests 


Tampa Flo — Installing lorge diometer trunk woter moins 
rom the pump station through the city and out to some of the 


fast growing residentiol sections. 


Cast Iron Pipe Research Association, Thos fF Wolfe, 
Monaging Director ‘vant Michigon Avenve. 3 | 
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A missionary who exercises his zeal 
on heathens with sinus troubles in 
small groups and who puts his virile 
converts to work at woodcutting and 
other manual labor—at which they are 
so perfect that they are heaven-bound 
in 10 milliseconds-—was the subject of 
publication No. 11950 of the Fischer 
& Porter Co. of Hatboro, Pa. At any 
rate, that was our understanding of 
the following release : 


Fischer & Porter Co. announces de- 
velopment of a transient converter for use 
with turbine type flowmeters. The con- 
verter accepts a sinusoidal type input sig- 
nal of varying frequency and provides 
either an analog output for recorders 
and oscillographs or a digital output to 
counters and computers. Input frequency 
range for the new unit is from 0 to 600 
cycles per second, operating from a 500- 


PERCOLATION 


AND RUNOFF” Vol. 49,No.4 


ohm source impedance. The output is a 
0-100-mv analog signal or a 10-v posi- 
tive pulse (at eight times the input fre- 
quency) to digital devices. The unit has 
a short-term analog accuracy and linearity 
of +0.5 per cent and a long term ac- 
curacy of +3 per cent. Rise time is 10 
milliseconds for a 40—-600-cps step. Ac- 
curacy of the digital output is absolute. 
The converter features plug-in subassem- 
blies for easy maintenance. 


Layne & Bowler, Inc., has named 
William H. Reeves president, James I. 
Seay chairman of the board, Frank T. 
Quinn vice-president in charge of 
manufacturing, and A. O. Fabrin vice- 
president in charge of engineering. 
Mr. Seay had been president since 
1945 and Mr. Reeves vice-president 
for the past 15 years. 


(Continued on page 54 P&R) 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER | 


Adaptable for Use in Water 


| 


Analysis 


Can be used for any de- | _ 
termination in which color | 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 


D 
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“one million gallons © 
of overhead Capacity . 1,000,000 Gal. 
ater storage Tank Diameter ......... 86 Feet 


Height of Columns....111 Feet 


rapidly a0 Range of Head 25 Feet 


Overall Height 
(approx.)........ 146 Feet 


consulting engineer 


wm. c. olsen & assoc. 
raleigh, north carolina 


Steel Standpipes, Steel Reservoirs, Ele- 
vated Water Tanks, Water Spheres, Filtra- 
tion and Purification Units for General 
Water S 


Write for 


Catalog H,0 


ply & Fire Protection Systems 


HAMMOND IRON WORKS 


WARREN and BRISTOL, PA. * PROVO, UTAH * CASPER, WYO. * BIRMINGHAM, ALA. 


z new york 20 « boston 10 © arlington, va. 9 © cincinnati 2 
sales offices: chicago 3 « los angeles 57 ¢ greenville, s. c. © sapulpa, okla. ’ 
buenos aires lima mexico, d.f. port-au-prince cairo 


- 
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Winsells water sells—which is to 
say that Miss Peggy Davis Winsells, 
who once published a newspaper in 
Lebanon with her husband, now sells 
purified water from the River Jordan 
from her apartment in the heart of 
New York City’s Greenwich Village. 
This could prove either the longest 
water distribution system on record or 
the fact that the Village lives up to its 
reputation in the strangest ways. 
Harking back to an earlier disillusion- 
ment in this issue (P&R p. 42), we 
can admit that this romance will last 
until there is a foolproof way of tag- 
ging the atoms. Meanwhile, for the 
likes of Peggy, there’s no business like 
eau business, we’re sure. 

The leprechauns of Sacramento, 
Calif., may have been just a wee bit 
overanxious when they arranged the 
unearthing of a treasure in prepara- 
tion for a real St. Patrick’s Day cele- 


bration this year. The treasure—and 
bright it was—was a batch of sea dye 
marker that had been buried at Mc- 
Clellan Air Force Base for more than 
10 years. Sure and it was removed 
from the new sod by earth-moving 
equipment some 3 weeks before Mar. 
17, and overnight rains carried some 
of the exposed material, as planned, 
into a nearby creek, from which it was 
expected to flow into the Sacramento 
River and then into and through the 
city filtration plant. Although an ap- 
propriately bright green, the dye was 
determined to be tasteless, odorless, 
and nontoxic, besides which, it is said, 
only Irish eyes can see it after it passes 
the filters. Just to be sure, however, 
City Engineer E. A. Fairbairn an- 
nounced its probable appearance and 
its positive harmlessness. As for its 
helpfulness, who could know until the 
very day? 


(Continued on page 82 P&R) 


LaMOTTE CONTROLS 


have served the Water Works En- 
gineer for more than 35 years. 


Have you sent for the latest booklet 
on this helpful LaMotte Service? 


For example— did you know that the 
LaMotte-Pomeroy Sulfide Testing 
Outfit determines accurately: 


Total Sulfides Dissolved Sul- 
fides « Hydrogen Sulfide in 
Sludges and Solutions «+ Free 
Hydrogen Sulfide in Air and 
Gases? e 


We will be happy to send full informa- 
tion on this and other LaMotte units 
used in the Water Works field. 


LaMOTTE CHEMICAL 
PRODUCTS COMPANY 


Dept. AWWA Chestertewn, Md. 


BELL JOINT 
LEAK CLAMPS 


GASKET SEALER 
COMPOUND 


C-1-60 CAST 
IRON BOLTS 


Carson glands and bolts 


made of corrosion-resistant 
C-I-60 cast iron—last as long 
as cast iron pipe. Glands ac- 
commodate variations in pipe 
dimensions, insure uniform 


compression of rubber gasket. 
Write for information 


H. Y. CARSON COMPANY 
1221 Pinson St. Birmingham, Ala. 
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INSTALL 


with a 


RATCHET 
WRENCH 


Any type and size of M & H Valve or Hydrant can be furnished 
with standardized Mechanical Joint end connections, to fit mechani- 

cal joint pipe and fittings made by different manufacturers. 

The use of Mechanical Joints has spread steadily for 40 years 
until today it is more widely used than any other type of joint 
because it offers many advantages. M & H Mechanical Joint 
Valves and Hydrants are used: not only with mechanical joint pipe 
but are easily installed in old bell-and-spigot pipe lines. 

The joint is made by a bolted gland compressing a thick gasket 
into a stuffing box. The joint assembly is simple, rapid and practically 
foolproof. The gasket used for water mains is composition rubber, 
but metal-tipped, duck-tipped, Thiokol-tipped and other special 
gaskets can be supplied. The joint is bottle tight, and permits 
deflection, expansion or contraction without leakage. Write or wire 


M:H VALVE 


AND FITTINGS COMPANY. 


ANNISTON, ALABAMA 
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pH pH 
Controller Recorder Recorder 
Liquid A 
Alum 
Tank Air | 
PH 
To pH To 
Sewer Electrode Sewer 
Sampling Sampling Sampling 
Line Line Lime Line 
Overflow : 
Water 
X 
Flash Settling Basins Filtration Storage 
Mixer Well 


Capacity doubled, chemical costs halved 


... with HONEYWELL controls at Macon Water Works 


With the replacement of a manually-regulated chemical feed system at = 
the Macon, Ga. Water Works by Honeywell automatic controls, alum 

and chlorine consumption is reduced by half. These controls reduce 
turbidity from nine to 1.5 parts per million, doubling filter plant capacity. : 
Red water is eliminated, with a saving of more than 200,000 gpd in 
blow-off water. 


One ElectroniK recorder-controller meas- 
ures and maintains the pH of water in the 
flash mixer at the most efficient coagula- 
tion value, by automatically adding liquid 
alum to raw water. Two other instruments 
measure and record pH of treated and 
finished water. 


For the economical solution to your own 
water treatment problems, call your nearby 
Honeywell sales engineer. He’s as near as 


your phone 

Brown ElectroniK pH instruments cut Co., Industrial Division, Wayne and 
chemical costs by 50 percent, double Windrim Aves., Phila. 44, Pa.—in Canada, 


filtration capacity, and save 200,000 
gpd of blow-off water. 


Toronto 17, Ontario. 


Honeywell 
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ALBRIGHT & FRIEL, INC. 
Consulting Engineers 


Water, Sewage, Industrial Wastes and Incineration 
Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Kates 


Three Penn Center Plaza Philadelphia 2, Pa. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


BOGERT and CHILDS 


Consulting Engineers 
Curnton L. Bogert Frep 
Ivan L. Bogert Donatp M. Drrmars 
Rospert A. Lincotn CHARLES A. MANGANARO 
Martin 


Water & Sewage Works 
Drainage ‘lood Control 
| Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


Bowe, Albertson & Associates 


Engineers 


Water and Sewage Works 
Industrial Wastes—Refuse 
Disposal—M unicipal Projects 
Industrial Buildings— Reports 
Plans—Specifications 
Supervision of Construction 
and Operation— Valuations 


Disposal 


20 North Wacker Drive Chicago 6 


— 
AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Ropert Norris 
Georce E. Lewis Donatp C. May 
Stuart B. Maynarp Homer J. Haywarp 
Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


boratory Service 


75 West Street New York 6, N.Y. 


BROWN AND CALDWELL 


Civil and Chemical Engineers 
Water—Sewage—Industrial Waste 
Consultation— Design—Operation 


Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 


1500 Meadow Lake Parkway, 
sas City 14, Missouri 


Water Supply Purification and Distribution ; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 


Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. EB. 3rd St. Gainesville, Fla. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Suppty—Sewace Disposat— 
Hypravutic DEVELOPMENTS 
Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 E. 19th St., New York 3, N. Y. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 

Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 
2015 W. Fifth Ave. Columbus 12, Ohio 
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BURNS & McDONNELL 


Engineers—Architects—Consultants 


Kansas City, Mo. 
P.O. Box 7088 


> Phone 
3-4375 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial! Buildings 


220 W. LaSalle Ave. South Bend, Indiana 
Central 4-0127 


JAMES M. CAIRD 


Established 1898 


C. E. Currton, H. A. Bennetr 


Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 
Cannon Bidg. Troy, N. Y. 


CAMP, DRESSER & McKEE 


Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORP. 


Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Dillsburg, Pa. 


Rochester, N. Y. Dallas, Texas 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—lIncineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


San Francisco 


CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply—Sewerage 

Flood Control & Drainage— Bridges 


Ornamental Street Lighting— Paving 
Light & Power Plants—Appraisals 


360 E. Grand Ave. Chicago 11 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 

E. R. Cotton P. B. Streander 

G. A. Gieseke H. G. Damon 
I. J. Silverstone 

Water Supply, Water Purification 
Sewerage, Sewage Treatment 

Refuse Disposal 


132 Nassau Street 55 Caroline R 
New York 38, N.Y. Gowanda, N.Y. 


DE LEUW, CATHER & COMPANY 


Consulting Engineers 


Public Transit 
Traffic & Parking 
Expressways 
Grade Separations 
Urban Renewal 


Subways 

Railroad Facilities 
Industrial Plants 

Municipal Works 

Port Development 


150 N. Wacker Drive, Chicago 6 
Toronto Oklahoma City 


Fay, Spofford & Thorndike, Inc. 


Engineers 


Water Supply and Distribution — Drainage 
Sewerage and Sewage Treatment 
Airports — Bridges — Turnpikes 


Investigations Reports Valuations 
igns Supervision of Construction 
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FINKBEINER, PETTIS & STROUT Glace & Glace, Inc. 


Careton 8. Finxperner E. Perris Civil and Sanitary Engineers 
Water Suppiy, Purification and Distribution, 


Consulting Engineers Dams, Sewerage, Sewage and Industrial 


Reports, Designs, Supervision, Waste Treatment 


Supply, Water Sewerage, Investigations, Reports, Designs 
Sewage Frei atment, Wastes T ‘ar Supervision of Construction and Operation 
aluations & Repectants 1001 North Front Street, Harrisburg, Penna. 
518 Jefferson Avenue Toledo 4, Ohio Wash., D.C.—Easley, S. C.—Tallaha:see, Fla. 
FREESE & NICHOLS GREELEY AND HANSEN 
Fort Worth, Texas 
Engineers 


FREESE, NICHOLS & TURNER 


Houston, Texas Water Supply, Water Purification 
a Sewerage, Sewage Treatment 
Refuse Disposal 


Industrial and Municipal Engineering— Water 
Sup y and Purification—Sewerage and Indus- 
tria aste Treatment—Highways and Struc- 
tures — Dams — Drainage Works — Airports— 
Investigations— Valuation— Design and Super- 
vision 


220 S. State Street, Chicago 4 


FROMHERZ ENGINEERS WILLIAM F. GUYTON 
Structural—Civil—Sanitary & ASSOCIATES 
Four Generations Since 1867 Consulting Ground- Water Hydrologists 
Woter Underground Water Supple 
Investigations ; Reports; Plans and 
Specifications ; Supervision - W. 12th St. 3301 Montrose Bivd. 
Austin 1, Texas Houston 6, Texas 
New Orleans Phone: GR-7-7165 Phone: JA-2-9885 
GANNETT FLEMING | FRANK E. HARLEY, C. E. 
CORDDRY & CARPENTER, Inc. Engineer 


Engineers 


Water Works—Sewera w h 
Industrial Wastes—Garbage Supplies, Hi Highways 
Roads—Airports—Bridges—F ‘ood Control Problems 


Planning 
nvestigations Reports 
260 Godwin Ave. 
Harrisburg, Pa. Philadelphia, Pa. 

Pittsburgh, Pa. Daytona Beach, Fla. Wyckoff, N.J. 


GARRITY & MOSHER HASKINS, RIDDLE & 
Engineers SHARP 


Leo V. Garrity L. W. Mosher 
st 
ydraulics 


Water System Analy Reports, Design, Supervision of Construction, 


5, 


14050 W. McNichols Rd. Detroit 35, Mich. 1009 Baltimore Avenue 
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THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


1392 King Avenue Columbus 12, Ohio 


HAVENS & EMERSON 


W. L. Havens A. A. BuRGER 

J. W. Avery H. H. Mosevey 

F. 8S. Patocsay E. 8S. Orpway 
F. C. Consultant 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 


JONES, HENRY & 
WILLIAMS 


Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 


Wastes, Valuations— Laboratories Waste Dis 
Leader Bidg. Woolworth Bldg. 
CLEVELAND 14 NEW YORK 7 Security Bidg. Toledo 4, Ohio 


HAZEN AND SAWYER 


Engineers 


Water and Sewage Works | 
Industrial Waste Disposal 
Drainage and Flood Control _ 
Reports, Design, Supervision of 
Construction and Operation 
Appraisals and Rates 


3333 Book Tower 
Detroit 26, Mich. 


122 East 42nd Street 
New York 17, N.Y. 


HARRY J. KEELING 


Consulting Engineer 
Electrical— Mechanical—Corrosion 


Investizations—Reports—Advisory Service 
Mobile radio communication systems; 
Special mechanical design sroblems ; 
Soil corrosion, E olivate, 
Cathodic protection 
of buried or submerged metal! surfaces. 


1718 Livonia Avenue __Los Angeles 35. Calif. 


ANGUS D. HENDERSON 


Consulting Engineer 


Water Supply and Sanitation 


Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210-07—29th Ave. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricuarp R. Kennepy Rosert M. Kennepy 


Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner E. E. Bloss V. C. Lischer 


Water Supply—Airports—Hydraulic Engineer- 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 
Sewerage and Sewage Disposal, 


ing—Sewerage—Sewage Treatment— Munici- Industrial Wastes, Valuations, 
pal Engineering— Reports Laboratory, City Planning 
Shell Building St. Louis 3, Mo. Park Building Pittsburgh 22, Pa. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 


of Origin of Pumps, Tanks, 
Conduit, Pipe and Accessories 


175 W. Jackson Blvd. 
Chicago 4, 
and Principal Mfg. Centers 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Eighth St. Los Angeles 5, Calif. 
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LEGGETTE, BRASHEARS 
& GRAHAM 
Consulting Ground Water Geologists 


Water Supply - 4 Salt Water Problems 
Dewatering Investigations 
Recharging Reports 


$51 Fifth Avenue New York 17, N. Y. 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street 


New York 


METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 


Airports Valuations 
Laboratory 
16 


T. PURCELL 


Consulting Engineer 
— 9 
Water Supply & Purification; Sewerage & Sew- 
age ~~: Industrial Wastes ; Investigations 
Design ; Supervision 
truction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 


Sewage Treatment—Water Supply 
Incineration— Drainage 
Industrial Waste Treatment 
Appraisals 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 
— 


THE H. C. NUTTING COMPANY 


Testing Engineers—Inspection Service 
Foundation Investigation—Test Borings 
Soil Mechanics—Sewage Flows—Analysis 

Construction Control—Soil—Concrete 

Bituminous Pavements—Water Waste Survey 
Specifications—Consultations 


4120 Airport Rd. Cincinnati 26, Ohio 


RADER AND ASSOCIATES 


Engineers and Architects 
Sewers and Sewage Treatment 
Water Supply, Treatment and Distribution 
Investigations, Reports, Plans 
Supervision of Construction and Operation 


111 N. BE. 2nd Ave , Miami 32, Florida 
1025 Connecticut Ave. N. W. 
Washington 6, D. C. 
Apartado 4356 (Estacion Exposicion 
Panama City, Panama 


THOMAS M. RIDDICK 
Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
e Treatment, Plant 
ndustrial Waste Treatmen 

Laboratories for Chemical and Bacteriological 

Analyses 


369 B. 149th Se. New York 55, 
MOrt Haven 5-2424 


N.Y. 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 


G. Gale Dixon, Associate 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
51 ey New York 6, N.Y. 


RIPPLE & HOWE, INC. 


Consulting Engineers 
O. J. Riprie V. A. VasEEN B. V. Howe 
Appraisals— Reports 
ign—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and ms, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833—23rd St., Denver 5, Colo. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Matcotm Prrnie Ernest W. 
Rosert D. MitcH Cart A. ARENANDER 
Ma Prrnte, JR. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 


Appraisals and Rates 
235 W. 43rd Se. New York 36, N. Y. 


RUSSELL & AXON 


Consulting Engineers 


Civil—Sanitary—Structural 
Industrial—Electrical 
Rate Investigations 


408 Olive St., Se. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 
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PROFESSIONAL SERVICES 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus, Ohio 


J. HOMER SANFORD 
Consulting Engineer—Hydrologist 
37 Years of G d I igati 
Groundwater Development, Recharge, 

Dewatering and Salt Intrusion 

Analysis of Available Supply and Safe Yield 

Litigation Reports and Testimony 


1143 E. Jersey Street Blizabeth 4, N. J. 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 

Branch Office 
4726 Preston Highway, Louisville 13, Kentucky 


SCHAEFER & WALTON 


Consulting Ground- Water Hydrologists 
Investigations, Reports, Advice 
on 
Ground Water Development, Induced 
Infiltration From Surface Streams, 
Artificial Recharge, Dewatering 
16 Leland Ave. Telephone 
Columbus 14, Ohio AMherst 8-3316 


— 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


R. KENNETH WEEKS 


ENGINEERS 
Designers Consultants 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 
Streets and Highways 
6165 EB. Sewells Point Road, Norfolk 13, Va. 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 
JACKSONVILLE, FLORIDA 
— 


STANLEY ENGINEERING 
COMPANY 


Consulting Engineers 


208 S. LaSalle St. 
Chicago 4, Ill. 


Hershey Building 


Muscatine, Ia. 


WHITMAN & HOWARD 


Engineers 

(Est. 1869) 
Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 


etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WHITMAN, REQUARDT 
& ASSOCIATES 


Engineers Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 
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SPECIFIES 


INERTOI COATINGS 


throughout new 


2-MGD WATER WORKS, | 
Dickinson, North Dakota 
Torex® Enamel, in Sea Green No. 304, protects sub- [ 
} 


merged surfaces of filter beds against water and 
water treatment chemicals. Photograph shows 
E. A. Tschida, Plant Superintendent, 
checking filter valves. 


SPECIFICATIONS 
FOR TOREX ENAMEL: 
A glossy, chlorinated nat 
rubber-base coating . . . fade-resistant. 
For submerged surfaces of concrete and steel 
in water works. 


Concrete Surfaces: 
Colors: Color Chart 560. No. of coats: One TOREX Enamel over one 
TOREX Undercoater. Coverage: 250 sq. ft. per gal. per coat. Approx. mil 
thickness per coat: 1.0. Drying time: 24 hours between coats; 7 days before 
submerging. Primer: TOREX Undercoater. Thinner: Inertol Thinner 2000. Application: 
Apply to etched concrete. Brushing: As furnished. Spraying: Add sufficient Inertol 

Thinner 2000 (10 to 50%). (Write for TOREX steel-surface painting specifications.) NG 


@ In addition to TOREX ENAMEL, Consulting Engineer Veigel specified: color- 
ful RAMUC® UTILITY ENAMEL, chlorinated natural rubber-base, for nonsub- 
merged masonry; GLAMORTEX® ENAMEL, Mar-resistant alkyd, for nonsub- 
merged metal to be painted in color; rNERTOL No. 49 Thick, long-wearing ty 
asphaltic coating, for submerged metal where black bituminous paint is — 
suitable. 

Inertol coatings have met the requirements of hardness, elasticity and : 
chemical inertness in water works throughout the country. That’s why 

Mr. Veigel chose them for the city of Dickinson, a growing farm and mining Y a 


community with a prosperous future. ee 
Buy Inertol paints direct from the manufacturer. Shipment within three a 
days from our plant, or from nearby warehouse stocks. For full information 
about Inertol coatings, write today for free “Painting Guide.” ~~ - 


Ask about Rustarmor,® Inertol’s new hygroscopically controlled rust-neutralizing paint. =f 


INERTOL CoO., Inc. 


A COMPLETE LINE OF QUALITY COATINGS FOR SEWAGE PLANTS & WATER WORKS 
» 484 Frelinghuysen Avenue 27 @ Seuth Park 
Newark 12, New Jersey San Francisce 7, Califernia 


Visit us at the American Water Works Association Convention—Booth 405 _ 
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PREATMENT—GENERAL 


New Chemical Treatment of Water. The 
Water and Sanit. Engr., 5:301 (’55). Up- 
ward flow sedimentation plant at South West 
Suburban Water Co., Staines, Middlesex, is 
now using alum and modified sodium sili- 
cate after expts. for last 4 yrs. Sodium 
bicarbonate is used for activation. Filter 
runs have been increased during flood pe- 
riods from 50 min to 50 hr with new treat- 
ment.—PHEA 


Chemistry of Water Treatment—Part III. 
E. L. Bean. Beach & Pool & Swimming, 
29:22 (’55). Chlorine in water forms hypo- 
chlorous acid. Action is one of hydrolysis 
and is reversible. Hypochlorous acid ionizes 
into hydrogen ions and hypochlorite ions. 
Chlorine existing as such is defined as free 
available chlorine. Free available chlorine 
reacts with ammonia to form chloramines 
and with certain org. compds. to form chloro- 
derivatives. Continued addition of chlorine 
to water eventually enables complete oxida- 
tion of org. compds. This point is defined 
as breakpoint. Chlorine added above break- 
point exists as free available chlorine. Chlo- 
rine existing in water before breakpoint is 
reached is defined as combined available 
chlorine. Observation of recommended prac- 
tice for water clarity, temperature, chlorine 
residual, and cleaning of pool are factors in 
control of algae. When pool is not in use, 
extra care and super chlorination or use of 
special chemicals such as quaternary ammo- 
nium compds., copper sulfate, and chlorine 
dioxide are commended. Many types of 
feeder for adding these chemicals are avail- 
able commercially. Liquid feeders of the pot, 
pressure solution, gravity orifice, and elec- 
trochemical types are described. Brief de- 
scription of volume control for addition of 
chemicals and operation of dry feeders is 
included—PHEA 


Key: In the reference to the publication in which the 
abstracted article appears, 
volume 39, page 473, issue dated May 1947. 
lication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—Institute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; 
Water Pollution Abstracts (Great Britain). 


39:473 (May °47) indicates 
If the pub- 


WPA— 


Water Treatment in the Tropics. E. F. 
Rew. J. Inst. Water Engrs., 10:515 (’56). 
Outline of British methods of treatment 
for domestic purposes in tropical countries, 
is given. Supplies are usually obtained from 
surface waters, mainly rivers, and water 
is generally soft, contains much suspended 
matter, has a high pH, and is prone to algal 
blooms. Tentative stds. for treated water 
before consumption, are suggested. United 
States and South Africa have issued stds., 
but is is very difficult to adhere strictly to 
them. Units and methods of measurement 
of purif. rates are given. Treatment plants 
are usually large, and treatment comprises 
coagulation with aluminium sulfate, with or 
without sodium aluminate, lime or powdered 
limestone, or with ferrous sulfate and lime, 
activated silica rarely being used; sedimenta- 
tion, in horizontal-, cross-, vertical- or spiral- 
flow tanks; and filtration, generally through 
slow sand filters, although some mechanical 
pressure filters are used. Disinfection is 
regularly employed, as it is of vital impor- 
tance. It is usually carried out with chlora- 
mine, as tropical waters rapidly lose free 
chlorine. Liquid chlorine, bleaching powder, 
electrolytic chlorine and sodium hypochlorite 
are disinfectants in general use. When fresh 
water is not available, sea or brackish water 
may have to be used for supply. Ion-ex- 
change methods and electrodialysis are ex- 
pensive, so distn. is carried out in most 
places. Softening of the water is achieved 
by the use of lime and sodium aluminate, 
or ion exchange. Iron and manganese are 
removed by pressure sand filters, and fluorine 
by passage through bed of activated alumina, 
which is regenerated with caustic soda solu- 
tion, followed by acid washing, or treatment 
with aluminium sulfate soln. Earthenware 
pitcher filters mostly replaced now by small, 
easily portable diatomaceous earth filters, are 
sometimes used to treat water for outlying 
villages and hamlets, which have no piped 
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Armco Pipe, 24 inches in diameter, 


312-inch wall thickne 


water across the Ohio River on the Ambridge, Pennsylvania, Bridge. as 


Armco Steel Pipe provides high strength 


—minimum weight for bridge crossing 


The city of Ambridge, Pennsylvania, 
needed a pipe line across the Ohio 
River to provide an increased water 
supply. The pipe was to cross the river 
on the Ambridge Bridge. This re- 
quired a pipe strong enough to with- 
stand water pressures and to span 
bridge brackets without substantially 
increasing the load on the bridge. 

Armco Welded Steel Pipe provided 
the necessary strength without excess 
weight. The pipe was hoisted from a 
barge on the river onto pre-placed 
bridge brackets, and joined with me- 
chanical couplings. 

Armco Pipe offers many advantages 
for municipal water lines. Long 
lengths up to 50 feet mean fewer sec- 
tions to haul and handle, fewer field 


joints, A wide range of diameters 
(from 6 to 36 inches) and wall thick- 
nesses {from %4- to 14-inch) lets you 
meet your needs exactly. Write to us 
for data applied to your requirements. 
Also ask about the new line of Armco 
Gates for water works construction. 
Armco Drainage & Metal Products, 
Inc., Welded Pipe Sales Division, 4347 
Curtis Street. Middletown, Ohio. Sub- 
sidiary of Armco Steel Corporation. 
In Canada: write Guelph, Ontario. 


Armco Welded 
Steel Pipe 
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(Continued from page 64 P&R) 


supply. Results of anals. of some tropical 
rivers, and of bacteriological tests on ef 
ficiency of diatomaceous earth filters are 
included in tables —WPA 


Drinking Water. W. Jupa & W. A. Mc- 
Rae. US 2,752,306 (’56). App. described 
removes electrolytes and chlorinates water 
to render it safe for drinking. It can be used 
to treat water which contains such a high 
concen. of dissolved salts, including chlorides, 
that it is unsafe for human consumption. 
Dissolved electrolytes are removed by plac- 
ing the soln. in contact with cation-permea- 
ble barrier and anion-permeable barriers and 
passing an elec. current in series through the 
soln. and barriers in the direction which 
causes anions to migrate toward and through 
the anion-permeable barrier. Chloride ions 
are discharged to liberate Cl or ClO. Active 
Cl can be mixed with the soln. before, dur- 
ing, or after demineralization. Chlorination 
is brought about by contact of at least part 
of the Cl-contg. soln. with an anode of area 
and potential sufficient to produce a bacteri- 
cidal concen. of active Cl—PHEA 


New Chemical Treatment of Water. 
South West Suburban Water Company. 
J. Brit. Water Works Assoc., 37:155 (’55). 
In 1950, South West Suburban Water Com- 
pany, with works at Egham, was empowered 
to abstract a max. of 9.5 mgd of water from 
the river Thames, the avg. intake being 7 
mgd. Seasonal fluctuation in quality of 
water, with heavy load of suspended solids 
present at times of flood, and the increased 
load to be filtered necessitated introduction 
of a sedimentation process. 20 upward-flow 
sludge-blanket type sedimentation tanks were 
installed at works, coagulation being effected 
by aluminum sulfate and sodium silicate 
modified with sodium bicarbonate in the pro- 
portion of 30 ppm silicate to 2 ppm bicar- 
bonate. Details are given of tank construc- 
tion and chem. feed arrangements. After 
sedimentation, water passes to primary and 
secondary rapid sand filters, and is then 
superchlorinated and dechlorinated with sul- 
fur dioxide. Sedimentation has satisfactorily 
removed color and turbidity from river 
Thames water and has in addition improved 
its bact. quality —WPA 


Chlorination Control Nomogram. Ind. 
Wastes, 1:D26 (’56). This nomogram for 


chlorination control has been developed pri- 
marily to aid in detg. proper setting of chlo- 
rine gas feeders for use in treatment of 
water, sewage and industrial wastes, and 
control of slime in cooling, process and 
white-water systems. Most dry and liquid 
chem. feed calcns. involve consideration of 
same factors applicable to chlorine feed. It 
is apparent nomogram has broad use and 
application. Directions for use of nomo- 
gram are given—PHEA 


Treatment of Water. Chem. Zentr. (Ger.), 
125:5375 (’54). Process water or water for 
general use is softened and disinfected by 
treatment with polymeric phosphates and 
with alkali salts of chlorinated phenols in 
less than stoichiometric amounts.—lV”PA 


Water Treatment Through Ozonization. 
KutcsAr-Mescery. Gas, Wasser, Warme 
(Aust.), 9:193. Paper discusses engineer- 
ing problems of water treatment with ozone. 
5 plants in operation in Switzerland are 
described. In one plant in Basel, coliform 
counts before treatment were 3,000 to 35,000 
per 1.; after treatment none were found.— 


PHEA 


Water Treatment in Copenhagen. M. 
Upsen. Tech. Sanit. et Munic. (Fr.), 51:61 
(’56). Copenhagen, capital of Denmark, a 
city of more than 750,000 people, is an indus- 
trial city and a seaport. Water is pumped 
from deep wells in calcareous strata and has 
a total solids content of 504 ppm. Water 
treatment plants and legislation are described 
in detail. Water production, pop., annual 
and daily water consumption in cum and 
avg. daily consumption per person in |. are 
tabulated for periods from 1860 to 1954 
PHEA 


Water Treatment. C. W. Drane. Gas J., 
283:317 (55). Water-treatment problems 
in gas industry are mainly encountered in 
providing boiler feed water. Various fac- 
tors which necessitate treatment are indi- 
cated and methods for reducing hardness of 
water together with different types of water- 
softening plants are described. Where there 
is no external softening plant, it is necessary 
to condition feed water, so that it is neither 
scale-forming nor corrosive. Summary of 
research work carried out on carbonate and 
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IMPROVED CURB BOX 


Telescopic upper section prevents damage to stop, line or 
box from heavy loads . . . upper section held in any po- 
sition by strong phosphor bronze spring . . . allows for 
grade changes, settlement or frost heave . . . cannot be 
pulled out of base . . . bronze-bushed lid assures easy re- 
moval of access plug at all times . . . curb box completely 


il « coated with tar base enamel . . . for stops in sizes from 
through 2” . . . lengths from 2’ through 10’... 
Pr optional foot-piece centers stop and provides solid sup- = 
i" port for curb box. a 
shel INVERTED KEY CURB STOP 
7 Tapered key individually ground and lapped for perfect 
pressure-tightness . . . key seated by base cap and water 
_ pressure . . . increase in water pressure automatically _ 
; increases key-seating force . . . key is unseated for easy _ 
"me turning by tapping downward on shut-off rod . . . pressure 
» instantly reseats key . . . combined cap and tee has accu- 
isa rate built-in check . . . all parts cast from finest water- 
bronze . . . various combinations of inlets and out- 
: ets for any type, or types, of service pipe . . . sizes from - 


DECATUR. ILL. 

MUELLER Co. 
4 

Since 1857 

Factories at. Decatur, Chattanooga, Los Angeles 

in Canada Mueller Limited Sarnia Ontario 


See your Mueller Representative, 
Catalog W-96 or write direct for 
detailed information on Mueller’s 
full line of curb stops, curb boxes 
and related waterworks products. 
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phosphate conditioning is given. Author 
goes on to describe methods of feeding phos- 
phate, carryover and condensate line corro- 
sion, feed-line corrosion and deposits. De- 
scription of waste heat boiler is given.— 
WPA 


A Comparison of British and American 
Water Treatment Practice. P.C. G. Isaac. 
Proc. Soc. Water Treatment Exam., 4:110 
(55). Comparison of water consumption 
and quality of sources of supply in Britain 
and USA shows that greater consumption 
and heavier poln. of raw waters in USA, 
where large rivers receiving domestic and 
industrial wastes are largely used as source 
of supply, lead to adoption of more thorough 
treatment processes than are generally re- 
quired in Britain. Standards of treated wa- 
ter quality and methods of anal. are reviewed, 
and application of coagulation, filtration and 
disinfection in water treatment are compared. 
Essential differences are found in impor- 
tance of coagulation and sedimentation in 
USA for removal of turbidity and tastes 
and odors, absence of pressure filters and 
slow sand filters in USA, in method of filter 
washing, and in heavier chlorination of sup- 
plies. Problem of taste and odor control in 
USA is discussed, and practice of fluorida- 
tion of water supplies is mentioned—WPA 


Treatment of Water by Ozone. K. Mes- 
cery. Gas, Wasser, Warme (Aust.), 9:193 
(’55). Author discusses advantages and dis- 
advantages of ozone treatment of water and 
describes plants on Blatter system in use at 
brewery, yeast factory, and some water 
works in Switzerland. Investigations are to 
be made at plant in Austria for disinfection 
of drainage water—WPA 


Treatment of Water. A. C. Matzac. 
Chem. Zentr. (Ger.), 125:7949 (’54). For 
treatment of water a specially light dolomite 
with low content of magnesium carbonate 
and high content of calcium carbonate is 
used. This is obtained from deposits in 
district of Salinelles near Sommieres. Dolo- 
mite is calcined at about 500°C so that only 
magnesium carbonate is decomposed. Ma- 
terial is light and spongy and suitable for 
use in water treatment plant—WPA 


Treatment of Water. Chem. Zentr. (Ger.), 
Coagulant, preferably alu- 
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minium hydroxide, is added to water which 
is then passed without sedimentation to ro- 
tary filters. As filter aid, fibers can be 
added which, with flocculated particles, form 
filtering layer—WPA 


Removal of Dissolved Oxygen From Dis- 
tilled Water by Degassing With Nitrogen. 
H. WeENpbLAND. Chem. Tech. (Germany), 
7:99 (’55). Tech. N is bubbled through 
distd. water for about 1 hr. App. used ex- 
cludes air and is illustrated. As N used for 
degassing was not entirely free from O, 
water still contained 300-500 y O/I. For 
more complete O removal, N used must be 
stripped of practically all O. Washing with 
conventional O-absorbing solns. was not very 
effective. Better results were obtained by 
passing N over activated copper at 160- 
180°. If distd. water was treated with such 
purified N, almost complete O removal 
(down to 2 y O/I and less) was possible. 
Such small amts. are best detd. by toluidine 
method.—C A 


Water—How It’s Treated. E. Norpe-t. 
Chem. Eng., 62:175 (’55). In second article 
on water supplies for industrial purposes, 
author describes in detail commonest meth- 
ods of treatment, including ion exchange 
softening by chem. methods, coagulation, 
sedimentation, filtration and aeration. Plant 
for different treatment processes is illustrat 
and costs are discussed—WPA 


FILTRATION 


Desilication of Water by Filtration. \V. 
Cuucunov & O. N. SHEMYAKINA. El 
Stantsii (Russ.), 27:13 (’56). Magne 
sorbent gives high desilication (down 

0.3-0.5 mg/l SiO:). Capacity of filter : 
creases with rising temp. of water ; acceptal 
temp. is 40-50°. Sorbent has greatest capz 
ity at pH of 8-9; capacity drops with dr 
in pH of water. Shortcoming of method 
enrichment of water with Mg; hence disilic 
tion filter should be placed before cati 
filter. Sorbent is not regenerated; it 

replaced every 6-12 months—CA 


Preparation of Filter Material for D 
acidification of Water. H. RItTscHEL 
H. O. Ritscwet. Chem. Zentr. (Ger.), 12 
5600 (54). To prepare filter medium f 
deacidification of water, dolomite or simil 


HOW TO PREVENT 
PIPELINE RUPTURE 


¢ Sudden ciosure of a valve can set 
up hammer that travels 4 times 
faster than the fastest jet . . . frac- 
tures valves, ruptures long lines. 
Simplex Type CCAV Valve ends 
these dangers. It controls transfer 
time, and releases both air and wa- 
ter to prevent damage. And lets in 
air to prevent vacuum collapse if 
breaks occur or lines are drained. 
BROCHURE 


VELOCITY 
ft. per sec WATER 


HAMMER 


TO IMPROVE 


e Here’s a new way to increase 
pumping efficiency and prevent 
pipeline collapse . . . at low cost. 
One unit, Simplex Type AV Valve, 
does 3 jobs. It admits air to break BALL 
vacuums, prevents pipeline col- FLOAT—- 
lapse. Releases air to prevent bind- 
ing,cuts pumping costs. Vents large 
volumes of air when system is filled 
. Saving you the cost of buying 


large valves for this limited use. Di- 2” NIPPLE —== 

mensions only 115%” x 1644”. Easy 

to install . . . one 2” connection. 

BULLETIN 1205 New combination inlet-release valve = 


WRITE for Technical Bulletins! Simplex Valve & Meter Company, 
Dept. JA-&, 7 E. Orange St., Lancaster, Pa. an 


Accurate instruments and controls since 1904 : 


SIMPLEX 


VALVE METER COMPANY 
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material is calcined until part of calcium 
carbonate is converted to calcium oxide and 
is then hydrated and carbonized by treatment 
with a soln. of sodium or magnesium bi- 
carbonate—W PA 


Some Aspects of Filtration. O. B. Votck- 
MAN. S. African Indust. Chem. 9:149 (’55). 
Author stresses certain aspects of filtration 
which must be considered in connection with 
basic operation of filters. Cake filtration and 
effect of filter cloths in operation and use 
of “blocking type” or soln. clarification filters 
are discussed. Finally few developments of 
filters, particularly rotary vacuum filters, are 
reviewed with reference to filter medium 
behavior.—IV PA 


Filtration of Ground Water With a Low 
Oxygen Content. C. H. V. Pare. Chem. 
Zentr. (Ger.), 125:7949 (’54). Ground wa- 
ter with low content of oxygen is passed 
over mixture of cation-exchange material 
and calcium or magnesium carbonate. Ac- 
cess of air during filtration is avoided. 
Regeneration must be done with air-free liq- 
uid. If water contains hydrogen sulfide, 
active carbon is added to filter material. 
Carbon dioxide enters into combination with 
formation of bicarbonate—WPA 


Filter Aid Filtration of Water. G. R. 
Bett. Proc. Ann. Water Conf., Engrs. Soc. 
West. Pa., 14 Ann. Conf., p. 15-33 (’53). 
History of development of diatomaceous 
earth filtration units, particularly for field 
use by armed forces in wartime, is outlined, 
together with mechanism of diatomaceous 
earth filtration, and operation of filters. In- 
stallations varying in capac. from 12-20 
gal/min to 700 gal/min for treatment of 
raw and treated waters are described and 
illustrated. In discussion following paper 
merits of process and its application to treat- 
ment of municipal water supplies are evalu- 
ated —_WPA 


Automation and Operation at Broadside 
Filters. E. W. Engineer (Br.), 
201:404 (’56). Broadside water works of 
Stirlingshire and Falkirk Water Board are 
described, with particular reference to con- 
trol of flow to sand filters and to automatic 
washing of the filters—WPA 


The Filtration of River Water and In- 
dices of Filterability. E. Lecrerc « P. 


(Continued on page 74 P&R) 


BEAUJEAN. Monthly Bul. Centre Belge 
Etude et Document. Eaux, 63: 98 (’56). 
Histograms and curves based on flow, re- 
tention in filters, and suspended matter in 
Meuse R. water are given. It is confirmed 
that 6 mo. is insufficient time to obtain cor- 
relative data on these points—PHEA 


Water Clarification With Anthracite. 
Anon. Coal Utilization, 9:51 (’55). River- 
dale, Ill. plant of Acme Steel Co. needs and 
uses some 15 mil gal of filtered water per 
mo. Anthracite coal is filtering medium 
used in treatment of this large quantity of 
hard, turbid river water. “Anthrafilt,” reg- 
istered trade mark of filtering medium, comes 
in various grades. Filter bed consists of 
various coal sizes—PHEA 


High-Rate Trickling Filters in Germany 
A. Rumpr. Sewage and Ind. Wastes, 28: 
260 (’56). Most high-rate trickling filters 
in Germany are often 10-12 ft. deep. This 
depth permits treatment of rather strong set- 
tled sewage. BOD of raw sewage may vary 
between 250 ppm and 350 ppm, and of settled 
sewage 150 ppm and 250 ppm. Recirculation 
usually is not provided. Reduction in BOD 
of 91% has been recorded. Deep filters are 
designed with false bottoms; water outlet 
and aeration holes are provided in wall be- 
low false bottom. Uniformity of filter media 
is considered essential for thorough aeration. 
Range in diam. of the media of 1 to 2 is 
recommended. Equal distr. of sewage is 
sought. Only circular filters having rotary 
sprinklers have been constructed in recent 
years. Trickling filters are preferred to ac 
tivated sludge treatment in treatment of 
combined domestic and industrial sewage 
High-rate filters, however, are not used for 
diary waste treatment. In comparing op 
erating costs of high-rate trickling filters 
with activated sludge process, it is found that 
it is much cheaper to pump sewage on trick 
ling filter than to compress air and blow it 
into sewage—PHEA 


Silica Removal From Water by Filtration 
Through Alkaline Materials. Scuvu- 
MANN. Mitt. Grosskesselbesitzer, No. 40, 
30-5 (’56). Very little SiOs is removed in 
lime process for water softening unless Mg 
salts are present. Calcined dolomite (half 
burned) is suitable filter means for SiO 
removal, but the mole ratio [(Mg) (OH) 

Mg(OH): should provide sufficient Mg. 
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It costs more to dig up a valve than it does 
to be sure that the valve is right in the first 
place. Rensselaer A.W.W.A. Valves have 
been giving satisfactory service in hundreds 
of cities for many years, and there are many 
“reasons why.” 

The well known Rensselaer wedge mech- 
anism, for instance, presses the gates firmly 
against the valve seats on closing, but on the 
first turn of the opening, the wedging mech- 
anism is released and the gates are free. 

The generous use of solid bronze, the rust 
proofing and the simplicity of servicing make 
for long life and low maintenance. All parts 
are interchangeable and accurate because of 
the precision casting and machining. 

Only two types of valve ends are shown. All types are available together 
_ with tapping valves and other accessories. 


The names, Ludlow and Rensselaer mean the same today that they have 
dating your lifetime. The desire to serve the Water Works Field in person 
—in research and design and in prompt delivery of original equipment and 
spare parts for all products has not changed. On the other hand, our ability 


to serve has at least doubled. 
16 


LupLow&Rensselaer 
VALVES & HYDRANTS 


Since 1861 THE LUDLOW VALVE MANUFACTURING CO. Troy, N. Y. 
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Ca ions in raw water separate out as CaCOs 
and are continuously replaced by Mg ions so 
that total hardness of water is practically un- 
changed. Part of Mg is pptd. as Mg(OH)s, 
carrying down proportionate amt. of SiOz. 
pH of filtered water rises to 10-10.3 regard- 
less of whether water is condensate or from 
lime softening, demineralizers, etc. *This pH 
has no effect on SiOz removal. Any increase 
in concen. of Mg ions required for Si removal 
and more rapid exchange of the Ca ions by 
Mg ions can be secured by decreasing filter 
veloc., increasing thickness of calcined dolo- 
mite, warming water to 40°-60°, or by in- 
creasing Mg-salt concn. of calcined dolomite. 
SiOz, CaCOs, and Mg(OH)s are deposited 
together within calcined dolomite in fine 
granular form, which can readily be washed 
out, restoring activity of mass. However, 
both grain size and wt. of calcined dolomite 
decrease with each cycle—PHEA 


DISTRIBUTION SYSTEMS 


Water Pipes From Artificial Materials. 
G. Scuroper. Wasser u Boden (Ger.), 6: 
352 (’54). Author describes development of 
pipes of synthetic materials for water and 
gives acct. of investigation in Holland into 
properties of polyethylene pipes produced 
under name of “Draka-Tileen” pipes. Pipes 
are odorless, tasteless, non-toxic, flexible, 
resistant to tension and stress, and unaffected 
by sunlight and ultraviolet rays and by high 
concns. of acids and salts. They are not 
attacked by decomposing bacteria and are 
not subject to incrustations or algal growths, 
and loss by friction is very slight. On 
freezing of water they expand and return to 
their original shape on thawing. They are 
resistant to elec. current, easily weldable, 
and strongly resistant to chlorinated water. 
They are not resistant to oils and fats, at 
high temps. are soluble in benzole, benzene, 
etc., and in molten condition are combusti- 
ble. Pipes buried in aggressive soil were 
undamaged after 6 yr. whereas bitumen- 
coated steel pipes were corroded after 3 yr. 


—WPA 


Couplings for Plastic Pipe. H. M. Bos « 
J. Watma. Water (Neth.), 39:112 (Apr. 
55). Description of couplings in hard poly- 
vinylchloride and polyethylene tubes, which 
couplings it has been endeavored to give a 
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simple shape, having a field of application 
as large as possible. It has been tried to 
utilize typical properties of plastic material, 
while method of production has been sought 
which does not make too high demands on 
skill and may be applied under unfavorable 
conditions —PHEA 


Comparative Examination of Materials 
Used in the Distribution of Water. T. 
SUNNEN. Tech. Rev. (Lux.), 48:160 (’56). 
Behavior of pipes of cast iron, steel, asbestos- 
cement, Pb, and plastic is compared. Of 
latter, polyethylene pipes are preferably used; 
sp. wt. 0.92, breaking strength at 10° 1.25 
kg/sqmm (a little less than asbestos-ce- 
ment), elongation at rupture 400-500°, mp. 
110-120°, softening point 92°, thermal cond. 
0.0007 cal./sec/sq cm/cm/°, thermal expan- 
sion coef. 0.0002 cm/cm/°; it can be used for 
temps. of —30 to +80°; max. diam. is at 
present 300 but above 50 mm price is higher 
than for steel pipe. Maintenance cost more 
than investment cost determines largely 
choice of material—CA 


Protective Coatings for Water Conduits. 
A. G. D. Emerson. Bul. Centre Belge 
Etude et Document. Eaux. (Belg.), 32:80 
(56). Best conditions for protective CaCO, 
coating to form on walls of water conduits 
are met if (1) water has a coef. of CaCO; 
satn. (I) of +0.1 as expressed by I 
pH-pH. where pH has usual meaning and 
pHs is pH of a soln. that is satd. in CaCOs, 
and (2) if hardness of water is 50-100 ppn 
expressed in terms of CaCOs. These 2 co 
ditions may be met by adding to wate 
NaHCOs, NazCOs, NaOH, CaCl-2NaHCO 
or Ca(OH)». The necessary amt. can |} 
caled.—CA 


Plastic Pipe Found Suitable for Potable 
Cold Water Supply. W. D. Tiepema: 

Civil Eng., 26:235 (Apr. 56). Under au 

pices of National Sanitation Foundation, 22 
samples of plastic pipe were tested. Pips 

manufactured for use in potable cold wate 
systems were found satisfactory. Reactior 
between plastic pipe and its environment- 
air, water, and soil—were tested. Unde 
severe test conditions, only slight col 
changes and film formations were observe: 
Plastic pipe had no greater intensity « 
odors than copper or galvanized pipe. Dis 
infection was equally effective and no injur 
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For setting 


Metersin 
pit 
Basements 


Cut supply 
line. Clamp 


KORNERHORN 


not necessary 


In a vertical basement pipe, 
against the wall or in a corner, ae 
the Kornerhorn makes a most = 


satisfactory meter setting. In- 
stallation is fast and economical 
as pipe threading is eliminated. 
Send for detailed information. 


When Valves 
are Needed 


Ford Kornerhorn valves in- 
stalled on the supply side, 
or on both sides of the 


= Kornerhorn add extra con- 


ma venience and cleanliness 
Kornerhorn 


when meters are changed. 
in place 


THE FORD METER BOX COMPANY, INC. 
FOR BETTER WATER SERVICES 
Wabash, Indiana 
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to pipe resulted. Animal-feeding experi- 
ments showed no deleterious effects. So 
that man in field can recognize plastic pip- 
ing which has been tested and found satis- 
factory, such pipes are now identified by a 
hallmark “nSf..—PHEA 


Some Modern Calculation Techniques in 
the Field of Municipal Hydraulics. C. 
Dustin. L’Eau, 43:157 (’56). Description 
of use of IBM-type calcn. equip. in improve- 
ment of water distr. systems and moderniza- 
tion of pumping equip—PHEA 


Gelatinous Coating Produces Friction 
Loss in Piping System. J. R. Bay is. 
Pure Water, 7:148 pp. (’55). Gelatinous or 
slime coating formed over inside surfaces of 
tunnels and water pipes of South Water 
Dist. in a period Aug. 1945-May 1947 when 
water was coagulated and settled but not 
filtered. During this period activated silica 
was added in small amts. at various times, 
and may have aided formation of slime coat- 
ing. Lime was added to water part of time. 
Amt. used was not enough to cause calcium 
carbonate to form coating on pipe and tun- 
nel surfaces. There was reduction in carry- 
ing capac. of 10-30% in water mains of 
South Water Dist. There also was reduc- 
tion in carrying capac. of tunnels in district. 
pH of water was reduced enough to start 
increase in corrosion of c-i. water mains, 
which soon was checked by treatment of 
water to increase pH. Slime coating formed 
with ridged surface is illustrated in photo- 
graphs. Ridging is largely crosswise of 
water flow. Anal. of coating shows it is 
composed mainly of silicon dioxide and alu- 
minum hydroxide. Thin coating of calcium 
carbonate had formed on inside surface of 
some pipes. This was dissolved after treat- 
ment of water was started. No reduction 
in carrying capacity of pipes and tunnels has 
occurred since filters were placed in service 
in 1947. Lesson learned is not to turn co- 
agulated water into water distribution sys- 
tem, even though period of settling after 
coagulation may be long. 9 tables. 14 pho- 
tographs—-PHEA 


TASTE AND ODOR 


Investigations on the Causes of Odor 
and Taste in Bank-filtered Water Sup- 
plies of the Lower Rhine; Methods and 
Results. J. Hottuta. Gas- u Wasser- 
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fach (Ger.), 96:449 (’55). Bank-filtered 
Rhine water is an important source of water 
supply in district of lower Rhine but large 
towns are suffering to an increasing extent 
from occurrence of tastes and odors which 
may be due not only to increasing poln. of 
river but to overloading of filtration area 
leading to reduction in efficiency of filtra- 
tion. Author gives an account of an inves- 
tigation undertaken by a number of town 
gas and water works, and other industrie 
to find causes of these tastes and odors ar 
possible remedies. Investigation covered 
stretch of about 88 km, divided into 8 se 
tions of which highest was in Benrath an 
lowest in Homberg. Sampling was a 
ranged so that during one day same wate 
was sampled as it flowed through who 
stretch. From Nov. 23, 1953 to March 3 
1954, samples were taken three days 
week, and from April 1, to December 3 
1954, one day a week. Detailed results ar 
given in tables and graphs. They show, i 
general, that the Rhine in this stretch is ser 
ously pold. Ammonia is always present, ger 
erally in exceptional amounts. Phenol 
substances, and substances causing odor an 
taste, are always present regardless of th 
amount of flow and are generally in exce: 
sive quantities. Org. and inorg. suspende 
matter, mainly derived from waste water 
is present, frequently in large amount 
Iron content is high and insol. iron settle 
Content of chloride, much of it arising fros 
potash salt mine waste waters, is consider 
able. Whole stretch investigated is pol 
beyond self-purifying capac. Much of or 
ganic poln. comes from central Rhine an 
though slight improvement occurs in som 
sections there is no real recovery withi 
investigated stretch. Bacterial numbers an 
numbers of coli are high. Results did nc 
show either the kind or origin of the sut 
stances causing taste and odor in the bank 
filtered water and for this purpose furthe 
investigations have been made on develor 
ment of method of paper chromatography fo 
detection of trace substances. Method an 
apparatus are described and results ar 
given of examination of active carbon ex 
tracts of bank-filtered water. Compariso 
of river and bank-filtered water showed tha 
soil filters were still capable of removin 
a considerable proportion of polg. matte 
from river water. Use of method for ider 
tifying sources of poln. is discussed. I 


- 


this 


Stuffed with straw though he is, he sometimes looms like a bogeyman 
water supply. For he represents the idea that diatomite filtration o 
unusual degree of skill and training on the part of the operator. 


Now this is simply not so! The experience of the communitie 
filtration for their potable water supply is ample evidence that you d 
technician to operate a diatomite system. Rather, it tends to show 
gence for a responsible municipal job can easily and quickly lea 
filtration system with completely satisfactory results. Granted, wher 
pretreatment of the raw water is used, it helps to have an operator wi 
nor do we mean that a diatomite system can be operated by any te 
Simply and plainly, we say merely this: the operator of a well-d 
= requires no higher degree of skill and technical knowledge 
operation of a conventional rapid sand filtration system, which dep 
tion and chemical treatment. And the experience of the comm 
wots municipal water supply with Dicalite Filteraids backs us up! 


tas 1 Send for our Bulletin F-552 for more complete information. 


discussions of municipal 
water supply requires an 


ow employing diatomite 
t require a highly trained 
at anyone having intelli- 
to operate a diatomite 
pre-flocculation or other 7 
some technical training, 
umbed fumbler. 

gned diatomite filtration 
an is demanded for the 
s so largely on floccula- 
ties now filtering their 
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dicalite division, great lakes carbon corporation 612 south fi er St., tos angeles, calif 
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reply to discussion author gave further in- 
formation on accuracy of chromatographic 
method and its special adaptation to iden- 
tification of sources of polln—WPA 


Improvement of Taste of Water. K. 
Horer. Chem. Zentr. (Ger.), 125:10792 
(54). To improve taste of water, espe- 
cially chlorinated tap water, water is passed 
through absorptive material, such as ac- 
tive carbon, silica gel, or alumina gel, 
mixed with carrier material, such as cellu- 
lose, cotton, or asbestos. Best ratio of 
carrier to absorptive material is 4:6. Filter 
material, packed in funnel, can be attached 
directly to water tap—WPA 


Studies on Microorganisms Causing the 
Appearance and Disappearance of Odors 
and Tastes in Water. I. S. N. SKADOVSK!I, 
M. A. MEssINEVA & V. I. USPENSKAYA. 
Trudy Vsesoyuz. Gidrobiol. Obshchestva 
Akad. Nauk SSSR., 6:23 (’55). Factors 
causing the sporadic appearance of soil-like 
odor in waters were studied by using Actino- 
myces, Oscillatoria splendida, and O. agarb- 
dit. With Actinomyces odor was decreased 
or eliminated by proper aeration and an 
abundant source of N. It decreased in 
presence of certain polysaccharides, includ- 
ing starch. O. splendida gave odor when 
cells were damaged mechanically dried, or 
frozen. Insufficient NOs also caused ap- 
pearance of odors. O. agarbdii gave grassy 
smell under unfavorable conditions—accumu- 
lation of wastes, insufficient N supply, lack 
of Fe** etc. Acrid taste imparted to water 
by this organism under natural conditions 
disappears in the presence of added NOs 
and an org. C source. Odorous gas pro- 
duced by Actinomyces could be used as 
source of C by other organisms growing in 
water and soil. Periodic disappearance of 
odor from waterways was attributed to 
these organisms, all strains of Pseudomonas. 
8 strain were isolated. All were facultative 
anaerobes and could also grow well on meat 
extract and potato media. They were found 
to cause disappearance of odors from lab. 
cultures and natural sources even when odor 
was in high concn—CA 


Taste and Odor Control Experiences at 
Midland, Pennsylvania. J. G. Fimicky. 
Taste Odor Control J., 21:1 (Sep. ’55). 
Brief description of Midland Water Puri- 
fication Plant is given as well as type of 
chem. for treatment and variable points of 


. . 
application. Taste and odor controls have 
been inadequate and had become worse after 


floods which were caused by Hurricane 
Hazel. Activated carbon had been used 
with sodium chlorite for taste and odor 


control prior to floods. Points of applica- 
tion and dosage were varied for both chem. 
sufficiently to determine quality control which 
can be changed to meet present and future 
taste and odor problems.—PHEA 


Drinking Water Taste and Odor. Cor- 
relation With Organic Chemical Content. 
F. M. Mippieton, W. Grant & A. A. 
Rosen. Ind. Eng. Chem., 48:268 (’56). 
Tastes and odors in drinking water can be 
caused by org. wastes in water source. 
Org. materials show direct variation with 
odor thresholds and inverse relationship to 
river flow. Aromatic hydrocarbons and 
oxygenated neutral materials were most 
serious offenders.—CA 


Activated Carbon Counters Odor Attack 
at Berea, Ohio. R. D. SHELLENBERGER. 
Taste Odor Control J., 21:1 (’55). De- 
scription of water treatment plant at Berea, 
Ohio. Capacity is 1.75 mgd. Water, which 
is obtained from the east branch of Rocky 
R., is partially settled in an old quarry and 
then treated with lime, alum, soda ash and 
activated carbon, prior to sedimentation and 
rapid sand filtration. Post chlorination gives 
concentration of free residual chlorine of 
0.3-0.5 ppm. Activated carbon is used to 
remove tastes and odors. Flow diagram 
of treatment plant is given. In July and 
August 1954, prior to introduction of active 
carbon, very offensive odor was observed in 
water. Experiments were carried out on 
water at different stages of treatment, to 
determine extent of tastes and odors, and 
best point of application of active carbon 
Results are given in tables. It was found 
that activated carbon gave palatable water 
when added to raw water in concentration 
of 10-12 ppm by reduction of threshold odor 
value from 30 to 3. Method of application 
of active carbon is described.—WPA 


An Investigation of Engineering Prob- 
lems of Algal Removal. K. J. Ives. Rept. 
No. 5, Dept. of Civil and Municipal Eng., 
University College, London (Br.), (’55) 
In first part of this thesis on removal of 
algae from water, author reviews literature 
on undesirable effects caused by algae in 
water supplies, including production of tastes 
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DEAD SHUT 


tion. 
principal cities. 
write to 


facing of DeZurik Valves assures tight shut- 
off despite solids in the flow. On raw 
water inlet, sand filter intake (discharge 
and backwash), structure drainage dis- 
charge and many other services, DeZurik 
Valves perform with equal excellence. 


DeZurik Valves are available 
in sizes from 14” thru 20”, 
for manual or remote opera- 
Representatives in all 
For details, 


8 
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é 


DeZurik’s exclusive eccentric principle 
guarantees easy operation without lubrica- 
tion. The plug is pivoted eccentrically in 
the valve and touches the valve seat only 
when the valve is closed. Opening the valve 
swings the plug back away from the valve 
seat and the valve opens wide with an easy 
quarter turn. 


The resilient plug- 


DeZuRIK 


CORPORATION 
SARTELL, MINNESOTA. 
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and odors, formation of toxic substances by 
Cyanophyceae, clogging of sand filters, and 
interference with chlorination. Methods 
which have so far been used to overcome 
these difficulties include chem. treatment of 
water before reaching water works, and 
straining or filtering water to remove algae. 
Chem. treatment of reservoirs is not always 
satisfactory, as tastes and odors may be in- 
tensified by action of algicide, and resistant 
secondary algal growths may develop later. 
Filtration of water to remove algae is not 
always feasible as prolific growths of algae 
may block filters and shorten filter runs. 
Little information is available on removal of 
algae by chem. coagulation, and author 
therefore made detailed investigation of this 
method. Factors affecting coagulation of 
algae were studied, particularly electrokinetic 
(zeta) potential of algae. It was found that, 
under all conditions, 14 genera of naturally- 
occurring fresh-water algae and 8 genera of 
artificially-cultured algae exhibited negative 
elec. charge. Electrokinetic potential for 
naturally-occurring algae was about 9.5 mv. 
Potential was reduced by addn. of formalin 
and increased by addn. of copper sulfate, 
iodine and ozone. No explanation has been 
found for the different effects af algicides 
on electrokinetic potential and on elec. dou- 
ble layer of algae, and further studies on 
this aspect are necessary. 4 theories of 
coagulation of algae were compared, and 
it was concluded that theory of floc ag- 
glomeration, based on electrostatic charge 
effects, is most applicable although me- 
chanical enmeshment may also be of im- 
portance in removal of algae in upward-flow 
coagulation. It is suggested that negative 
charge density affects quant. of floc which 
forms on algal surface and electrokinetic 
potential affects rate of migration of col- 
loidal precipitates and flocculi to algal sur- 
face. Large-scale expts. were made on 
removal of algae by coagulation with alu- 
minium sulfate and activated silica. Water 
was obtained from either the Queen Mary 
reservoir or 1 of 2 Kempton Park reservoirs 
of London Metropolitan Water Board. De- 
sign of experimental plant, which could be 
operated in 2 parts, is described and illus- 
trated in detail. Prepn. and application of 
activated silica used as coagulant aid is 
dealt with, and advantages and disadvan- 
tages of its use are indicated. During in- 
vestigation, rate of upward flow in sedimen- 
tation tanks was maintained at 5’/hr and 


rate of filtration at 100 gal/sqft/hr. From 
results of expts. it is concluded that in in- 
itial operation of upward-flow sedimentation 
tank for removal of algae from water, high 
dose of coagulants (60 ppm alum and 6 
ppm activated silica) should be applied until 
sludge blanket is well established. Once 
blanket is established, when water is free 
from algae and excessive turbidity, low 
doses (10 ppm alum and 3 ppm silica) 
should be sufficient. When algae appear in 
water it is important to det. whether they 
are motile, filter-penetrating, or filter-block- 
ing. Motile algae should first be killed 
with algicide. If algae are capable of pene- 
trating filter, dose of alum should be kept 
low but dose of activated silica should be 
increased so that floc will be carried over 
from sedimentation tank to form a substan- 
tial film on surface of filter. If algae are 
type which block filter, dose of coagulants 
should be kept as low as is feasible to main- 
tain sludge blanket. If presence of algae 
raises pH value of coagulated water to more 
than 8.0, some advantage may be obtained 
by reducing pH value to about 7.4 with acid. 
Sludge derived from coagulation of water 
containing high concn. of algae and little 
containing high concns. of algae and little 
suspended matter is slimy and more difficult 
to treat than sludge from coagulation of 
turbid water. Various methods of treating 
sludge were investigated, and it was con- 
cluded that most satisfactory methods were 
drying on permeable beds, dewatering in 
filter press, and calcining in rotary kiln to 
recover aluminium oxide after dewatering to 
moisture content of about 90%. Costs of 
treatment of water infested with algae by 
coagulation in upward-flow  sludge-blanket 
unit followed by rapid sand filtration ar 
compared with costs for treatment by doub! 
filtration and by microstraining with slow 
sand filtration. In prelim. treatment of wa 
ter with chlorine to kill algae, objectionable 
tastes may be produced. Some expts. wer 
therefore made on use of ozone as an alg 
cide, but results obtained were not satis 
factory and it is concluded that no advar 
tage would be obtained by using ozon 
before chem. coagulation. In appendices ar 
given classification of different algae mu 
tioned, detailed exptl. results, definition ¢ 
some of terms used, methods of anal. em 
ployed in expts., and detailed comparison 
costs of chem. coagulation with filtratio 
and of double filtration. Bibliography « 
151 references is appended—WPA 
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CLEAR CHOICE 


in Coagulants 


GENERAL CHEMICAL Alum 


Fact: most water and sewage treat- CLEAR CHOICE FOR WATER TREATMENT 
ment officials prefer General Chem- @ Produces crystal clear water 
ical Aluminum Sulfate. Reason: © Gives better floc formation 
they know they can depend on @ Promotes better settling and longer filter runs 
General Chemical for alum of un- ®@ Aids in reduction of tastes and odors , 
varying quality and uniformity .. . @ Has no chlorine demand 
_ for prompt, on-the-dot delivery. © ts « low-cost congulant 
®@ Superior in tests against other coagulants 
There are 25 General Chemical @ High in quality, its constant uniformity can 


producing works strategically lo- be depended upon 


cated across the country to assure — CLEAR CHOICE FOR SEWAGE TREATMENT 


, Ww ere, anytime: Even in emergen- @ Dry feeds well or dissolves readily for 
cles, you can always count on solution feeding; liquid alum also available 
General. in many areas 
@ Clear, coloriess effivents are possible 
Simple application. Requires only low-cost 
Basic Chemicals feeding apparatus and minimum attention 
fer Sludge digests readily 
@ Treated digested sludge dries quickly with a 
American minimum of odor 


Economical to use 


he GENERAL CHEMICAL DIVISION 
hemical 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. a 


Offices: Albany + Atlanta + Baltimore - Birmingham - Boston - Bridgeport - Buffalo + Charlotte + Chicag 
‘leveland « Denver + Detroit + Houston - — + Kalamazoo + Los Angeles + Milwaukee + Minneapolis 
New York + Philadelphia - Pittsburgh + Providence + St Lovis + San Francisco + Seattle - Kennewick and 


Yakima (Washington). In Canada: The Nichols Chemical Company, Limited Montreal Toronto Vancouver 
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Thomas M. Starnes has retired as 
southern sales manager for American 
Cast Iron Pipe Co., Birmingham, Ala., 
ifter 45 years with the firm. His suc- 
cessor is Harry M. Lange. 


Clifford Earls has been appointed 
sales manager for John Wiley Jones 
with the G-A Chemical Co. in the Jacksonville and 


ANTI-SURGE VALVE 


Bulletin 


Northwest Dist. of Florida (including 
southeast Georgia). H. L. Barrows 
is sales manager for south Florida. 


Elmer K. Ross, manager of sales 
for M. Greenberg’s Sons, San Fran- 
cisco, has retired after 19 years in the 
position. His successor is Martin R. 
McLaughlin, formerly vice-president in 
charge of sales for Josam Mfg. Co., 
Michigan City, Ind. 


Bowe, Albertson & Assocs., engi 
neers, New York, announce the ad 
mission to partnership of Col. Edwin 
R. Albertson and Charles T. Walsh. 
Kenneth D. Allen has become an asso- 
ciate member of the firm. 


Chicago Bridge & Iron Co. an 
1ounces the opening of a new sales 
office at 2400 Canal St., New Orleans, 
FIG 174-D to serve Louisiana and southern Mis 
sissippi. J. U. Blanchard will be the 

manager there. 
CHECK VALVE The company also announces the ap 
ELECTRIC pointment of Lucian J. Harris as man 
Bulletin W-10 ger of its Greenville, Pa., plant, fol 
owing the retirement of W. S. Nes 


bitt. Sidney L. Luce succeeds Harri 
7a OLOEN as Philadelphia district sales manager. 
William M. Wallace is retiring as 
be superintendent of filtration and sewage 


treatment at Detroit. He has been 
nated Specialty Company with the city’s Dept. of Water Supply 


PA. 
1221 RIDGE AVE PITTSBURGH 33, PA since 1914. 
Designers and Manufacturers of 
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THE NATIONS No.1 SOURCE 


for dependable pipe dine equipment 


Like hundreds of Pollard customers. you'll) find it mighty 
pleasant and convenient to order pipe lins nent from 


Pollard. : 


Here. under one roof and listed in one comprehensive cata- 
leg. are all the time and money saving products you need on 
the job. Each is guaranteed for dependability. economy. Each 
is ba i by Pollard service. 


MANHOLE CUSHION 


MAKE POLLARD YOUR 
SOURCE FOR PIPE 
LINE EQUIPMENT 
ORDER FROM 
POLLARD CATALOG 26 


CALAING TUUL)S 


POLLARD 


\ ra) JOINT RUNNER 
| 
Ber => 
7 4 
| ma. 
_§ PIPE LINE EQUIPMENT ext 
Zz 
w 
W's from POLLARD . It's the Best in Pipe Line Equipment 
> 
= 1064 Peoples Ges Building, Chicago, iilinots 
oe” wd 
333 Candler Building, Atlanta, Georgie 


W. L. Williams has been promoted 
from assistant superintendent to su- 
perintendent of purification for Louis- 
ville (Ky.) Water Co. He succeeds 
the late William H. Lovejoy. 


Transistors used in the new-model 
_M-Scope leak detector made by Fisher 
Research Lab., Inc., Palo Alto, Calif., 
are said to provide increased ampli- 


Sy 


as 


fication of leak sounds, while greatly 

reducing weight, size, and battery 
requirements. The 9 x 9 x 5-in. unit 
weighs only 7 lb, compared to 30-35 Ib 
for earlier models. : 

J. R. Matullo has been appointed 
district manager of the new Worth- 
ington Corp. Newark Dist. Office, 
which replaces the former New Jersey 
Branch of the New York Dist. Office. 
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Sanitary engineering salaries are 
seriously lagging behind those for other 
engineers, according to a survey of 371 
full-time local health departments by 
the Committee on Salaries of the Con- 
ference of Municipal Public Health 
Engineers. Although salaries have 
been rising steadily since 1951, they 
fail to match pay scales elsewhere in 
the engineering profession. In 1952- 
54 the median salary for health depart- 
ment engineers was $1,000 less than 
the median for county and municipal 
engineers and $2,400 less than the 
median for all engineers. In 1956 
starting salaries in local health agen- 
cies for engineers with no experience 
ranged from $4,250 to $4,650, com- 
pared with the median of $5,040 for 
1956 graduates reported by engineer- 
ing schools. Under the circumstances, 
the number of vacant engineering posi- 
tions in local health departments is 
increasing rapidly. (Copies of the 
CMPHE survey report may be ob- 
tained by writing to: Walter A. Lyon, 
City Dept. of Public Health, 630 City 
Hall Annex, Philadelphia 7, Pa.) 


Wallace W. Sanderson has received 
a permanent appointment as assistant 
director of laboratories for sanitary and 
analytical chemistry in the New York 
State Health Dept. Mr. Sanderson 
has held the post provisionally since 


1955. 


Patterson-Townsend, of Charlotte, 
N.C., has been appointed representa- 
tive for the Carolinas by Simplex 
Valve & Meter Co., Lancaster, Pa. 


Dorr-Oliver Inc. has opened a new 
office at 2125 Maryland Ave., Balti- 
more, to serve Maryland, Delaware, 
Virginia, and West Virginia. 


4a 
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ANOTHER LEOPOLD INSTALLATION... 


New 24 mgd Omaha, Neb. plant 


equipped with Leopold Filter Bottoms 


In addition to this recent installation, Leopold Compound 
Duplex Filter Bottoms are giving dependable, economical 

: performance in well over 300 plants (with a daily capacity 
of more than 1% billion gallons). And the number of 
Leopold-equipped facilities is growing by leaps and bounds. 


Whether you’re modernizing your present plant or plan- 
ning new construction, it will pay you to consider the many 
features offered only by Leopold Tile Filter Bottoms. They 
resist corrosion, are not subject to tuberculation, require 
only small sized gravel, are acid and alkali resistant, pro- 
vide equal and uniform filtration and backwash, and will 
last indefinitely. Want more details? Write us today. 


po J0/ For TOP performance, use Leopold Bottoms 
F. B. LEOPOLD CO.,INC. 


ZELIENOPLE, PA. 


COMPLETE WATER PURIFICATION AND FILTER PLANT EQUIPMENT * BUTTERFLY VALVES 
FILTER OPERATING TABLES * MIXING EQUIPMENT * DRY CHEMICAL FEEDERS 
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under the new federal pollution control 
program have been announced. The 
water source involved was the Corney 
Creek drainage system in northern 
Louisiana (see February 1957 issue, 
p. 38 P&R). The special hearing 
board found that oil waste discharges 
are impairing beneficial use of the Cor- 
ney system and, if continued, will also 
impair the usefulness of the proposed 
15,000-acre Lake D’Arbonne, for which 
appropriations were made by the Louis- 
iana legislature in 1956. 

The board recommended that the 
Arkansas and Louisiana oil well opera- 
tors involved be notified that “a prop- 
erly constructed, operated, and main- 
tained collection and injection system 
is a reasonable and equitable method of 
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For Organic Iron and Color 
Removal—Algae Control — 
Regeneration of Iron Removal 
Filters — 


POTASSIUM 
PERMANGANATE 


Supplied to industry and mu- 
nicipalities in various grades 
and meshes to fit the particu- 
lar operation efficiently and 
economically in combating 
many water problems. 


WRITE FOR QUOTATIONS 


CARUS CHEMICAL COMPANY 


Box JAW LaSalle, Illinois 
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Results of the first public hearing 


securing abatement of the pollution.” 
Serving on the five-man board, un- 
der the chairmanship of Chester S. Wil- 
son, Stillwater, Minn., were AWWA 
members Glen T. Kellogg, Little Rock, 
Ark., and B. A. Poole, Indianapolis, 
Ind. The other two board members 
were Harold C. Jackson, New Orleans, 
La. (representing the US Dept. of 
Commerce), and Kenneth E. Biglane, 
Baton Rouge, La. 


B-I-F Industries, Inc., announces 
the appointment of Walter A. Harris 
as sales engineer at the home office 
in Providence, R.I. Ray W. Lindsey 
and Edward F. Morey Jr. have been 
named regional engineers, operating 


A 


out of Kansas City and _ Dallas, 
respectively. 


W. S. DARLEY & C 
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Planning a Water-Softening a 
in Your Plant? 


If you are—or if your community already has such a system—here’s 
some important data on regeneration of base-exchange zeolites and/or 
This is the second of a series prepared by the International 


resins, 
Salt Company, Inc. 


How to find the sirength of salt 
brine used in water-softener regen- 
eration... 


In most of today’s plants, the type of 
hydrometer called a Salometer can gener- 
lly be used to measure the strength of 
ilt brines most accurately. This device 
similar in principle to the hydrometer 
vhich checks the condition of your car's 
attery) is convenient to use—and its 
cale permits fast calculations. The scale 
eads from O° in pure water to 100° in 
iturated brine . . . with each degree rep- 
senting a percentage of fully saturated 
rine. 
Using the Salometer with a maximum 
f accuracy, however, isn’t just a matter 
f reading the scale. A number of simple 
precautions must also be taken to make 
sure the Salometer records correct brine 
strength. Here they are: 


1. Check the temperature of the brine. . . 
Since most Salometers are calibrated for 
reading at 60°F, brine temperature should be 
kept at this level during testing. When 
other brine temperatures are encountered, 
special tables of correction factors must be 
used. These tables are available from Inter- 
national Salt Company without cost. 


2. Brine should be tested only in a straight- 
walled cylinder made of clear glass. The 
cylinder should always be set on a level 
surface. Any moisture that collects on the 
outside of the cylinder should be wiped off 
before testing procedures start. 


3. Salometer stem must be thoroughly dry 

. It also must be clean, and free from 
grease or caked salt crystals. In addition, 
the Salometer should not touch the sides of 
the cylinder when readings are taken. It 
should be read with the stem in a vertical 
position. 


SCRANTON 2, PA. 


4. Check new Salometers .. . Do this by 
placing them first in clear water; reading 
should be 0°S. Then empty the cylinder, 
rinse with a saturated salt solution, and refill 


with fully saturated brine; reading should 
be 100°S. Water and brine should both be 
at 60°F. 


5. Correct reading technique. Brine tends 
to rise along the sides of a glass cylinder, 
forming a concave surface known as a menis- 
cus. For correct reading, the eye should be 
brought to a point level with the bottom of 
the meniscus. Errors of two or three degrees 
are possible if reading is taken at the point 
where the brine has risen along the sides of 
the cylinder wall. 


Salt—Plus Technical Service Avail- 
able from International 


Through skilled and experienced “Salt 
Specialists,” we can help you get greater 
efficiency and economy from the salt or 
brine you use for regeneration. We pro- 
duce both Sterling Evaporated and Ster- 
ling Rock Salt in all types and sizes. And 
we also make automatic dissolvers for 
both kinds of salt. So we can recommend 
the type and size of salt most perfectly 
suited to your needs. 

If you'd like to get this technical assist- 

ance—or any further information—simply 
contact the nearest International sales of- 
fice: Atlanta, Ga.; Chicago, Ill.; New Or- 
leans, La.; Baltimore, Md.; Boston, Mass. ; 
Detroit, Mich.; St. Louis, Mo.; Newark, 
N.J.; Buffalo, N.Y.; New York, N.Y.; Cin- 
cinnati, O.; Cleveland, O.; Philadelphia, Pa. ; 
Pittsburgh, Pa.; Richmond, Va. 
Reminder: Look for International’s exhibit 
at the American Water Works Associa- 
tion — Atlantic City, N.J., May 
12-17. 


International Salt Co., Inc. 
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The probable damage to public wa- 
ter supply systems in case of a nuclear- 
bomb attack on the United States is 
under study by the US Public Health 
Service for the Federal Civil Defense 
Administration. As the USPHS plans 
to consult with water works officials 
in certain localities, it was considered 
desirable to acquaint the industry with 
some of the details of the work being 
undertaken. To this end, the follow- 
ing summary has been prepared by 
Richard S. Green, Chief, Basic Data & 
Economics Section, Water Supply & 
Water Pollution Control Program, 
USPHS, Washington, D.C.: 

The FCDA, in cooperation with the 
Office of Defense Mobilization, has 
developed a procedure for gathering 
information about the damage which 
would result from a nuclear attack, for 
evaluating this information rapidly, and 
for transmitting it to emergency op- 
erating centers of the various depart- 
ments of the federal government, most 
of which are in secure locations outside 
of Washington, D.C. The National 
Damage Assessment System, as this 
procedure is called, is designed to eval- 
uate on a national basis the very great 
damage which might be inflicted by 
any enemy attack with nuclear wea- 
pons, so that the leaders of the country 
will have an estimate of the losses suf- 
fered as soon as possible after the 
attack, in order to take proper steps 
to enable the nation to recover. 

Only by the use of mathematical 
analyses on high-speed electronic com- 
puting equipment can the required in- 
formation be made available promptly, 
because of the enormous amounts of 
data needed to reflect all details of an 
attack. Pertinent information about 
all vital elements of the nation’s 
strength—such as manpower, indus- 
trial capacity, food supplies, fuel, 


power, water supply, and transporta- 
tion—has been or is being compiled 
in advance and prepared for use in the 
computing equipment by means of 
punched cards or magnetic tape. The 
data so collected include information 
about location of fixed resources and 
their individual vulnerability to blasts 
of varying intensity. The missing in- 
formation about time, location, and 
size of bomb bursts (which will be 
available by direct or indirect means 
immediately after an actual attack) will 
be added to the data already stored and 
ready for immediate use in the com- 
puting equipment, located outside of 
any likely attack area. The equipment 
can then indicate the probable damage 
suffered with greater precision than 
has hitherto been feasible with the 
earlier manual concentric-ring damage 
assessment technique used by civil de- 
fense workers—and can produce the 
results in printed form in a matter of 
hours for all areas of the country 
which have been under attack. 

The USPHS acting in accordance 
with civil defense responsibilities dele- 
gated by the FCDA, has provided data 
on location (by Universal Transverse 
Mercator coordinates), and on vulner- 
ability to blast, of essential elements of 
the public water facilities of all target 
areas in the United States for incor- 
poration into this damage assessment 
system. The data cover several thou- 
sand critical points, such as dams, ex- 
posure points on major conduits, pump- 
ing stations, reservoirs, tanks, intake 
structures, and purification plants, in 
270 cities of 186 target areas. These 
data have been coded for processing in 
electronic computers, and are now be- 
ing used for planning purposes and in 
test exercises by inserting assumed lo- 
cations, heights, times, and sizes of 
bomb bursts. While the project has 
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at Wate Ca. Loviovie, By 
CATHODIC PROTECTION 

stops corrosion at lowest overall cost 


Electro Rust-Proofing Cathodic Protection is used by the Louis- 
ville Water Company to prevent corrosion of metal underwater equip- 
ment in the raw water clarifiers. 

Cathodic protection is the one method able to reduce corrosion 
of underwater metal virtually to zero. Electro Rust-Proofing Cathodic 
Systems are designed to provide the sole protection of submerged 
structures or to supplement a good protective coating. When used in 
conjunction with coatings, cathodic protection eliminates corrosion due 
to holidays or inherent breaks in coatings such as can occur at many 
inaccessible structural joints. 

Electro Rust-Proofing designs every cathodic system individually 
so that maximum protection is given for the lowest operating cost. For 
information about E.R.P. Cathodic Protection, write for Bulletin #E-39. 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE @ TIERNAN INC 
30 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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been under way for more than a year, 
the results should be looked upon as 
necessary first-stage material subject 
to review and evaluation in the field. 
This field checking of the basic data 
is now being carried on by USPHS 
sanitary engineers, working with the 
state sanitary engineers and water 
works officials in the target areas. It 
is emphasized, however, that, even in 
their present form, the data are of 
great value in both preattack planning 
and broad postattack evaluation of 
damage to the major water works sys- 
tems of the country. 

Secause of the desire for early com- 
pletion of the work, this task was ac- 
complished through the study of infor- 
mation available in the files of the 
Washington Office of the USPHS, 
with a minimum of correspondence 
with individuals in the field. Most of 
the detailed information about water 
supply systems was secured from the 
latest available reports of the National 
Board of Fire Underwriters. As a 
number of these reports date as far 
back as 1929, it was frequently neces- 
sary to supplement information ob- 
tained from them with material from 
other files and from technical journals. 
Maps suitable for locating and plotting 
the critical elements of municipal wa- 
ter supply systems were often very 
difficult to obtain. The resources of 
a large number of governmental and 


other mapping organizations were 
tapped. Most maps were obtained 


from the Army Map Service and the 
US Geological Survey. Whenever 
possible, the critical points of water 
supply systems were located, to a pre- 
cision of 100 meters, by the Universal 
Transverse Mercator System. If no 
map at the proper scale with this grid 
was available for the area covered, lati- 
tude and longitude were determined to 


the same precision. The latitude and 
longitude were later converted to UTM 
coordinates before actual use in the 
damage assessment system. 

The following assumptions and sim- 
plifications were made in preparing 
these data: 

1. The yield of a pumping station 
was calculated the summation of 
individual pump capacities, except that 
one pump of multipump installations 
was considered standby or out of serv- 
ice, and was not included. The total 
pumping capacity, therefore, would 
frequently be somewhat larger than the 
figure indicated. 

2. The amount of water held in dis- 
tributing reservoirs, tanks, and stand- 
pipes was considered to be that pro- 
vided by design capacities and not the 
amount actually stored. In most cases, 
the amount of water actually stored 
would be less than the design capacity, 
but the latter figure was used because 
it was impracticable to predict the 
quantity of water which would be avail- 
able at any given time. 

3. A few critical units of certain 
water works systems could not be 
located by coordinates on any avail- 
able map and, hence, had to be omitted 
from this tabulation. 

4. In many cases, low-lift pumping 
stations delivering raw water from res- 
ervoirs or rivers were fairly close to 
purification plants. Where this dis 
tance was less than half a mile, the 
coordinate point of the purification 
plant was usually considered as the 
coordinate point for the station. 

5. Where a large group of wells 
located at a considerable distance out- 
side a city covered an area of 2-3 
sq miles and it was impossible to deter- 
mine the exact position of these wells, 
the center of this area was considered 
the coordinate point for all the wells. 


as 
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Call on Eddy for whatever 
you need in the way of fire hydrants—or for valves and i 


accessories for water, oil or gas . . . standard or special 
applications. Replacement parts always available—proof 


you can always 


EDDY VALVE COMPANY WATERFORD, 


A subsidiary of James B. Clow & Sons, Inc. NEW YORK 
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6. Where a large number of scat- 
tered wells were located within the 
city limits, the wells were divided into 
groups which could be enclosed by a 
circle with a diameter of approximately 
a mile. The well with the largest ca- 
pacity in each individual group was 
considered to be the coordinate point 
for the entire group, with total yield 
of all wells at that point. 

7. It was assumed that distribution 
piping had sufficient cover to be pro- 
tected from nuclear blast unless other- 
wise specified in the reports or located 
in the area of complete destruction 
from a ground level burst. 

8. Where all water supplying a prin- 
cipal pumping station came from a 
purification plant, the capacity of the 
purification plant was considered to 
be the capacity of the pumping station. 

9. In selecting critical and vulner- 
able elements of water systems, an at- 
tempt was made to bring out the inter- 
relationship of each element with other 
elements, and with the system as a 
whole, so that, for example, the effects 
of loss of a pumping plant in one sec- 
tion of a city on the overall system 
would be known at once. 

While good coverage of all the major 
water works systems of the country 
can be assumed to have resulted from 
this study, it is known that in almost 
every water supply system it will be 
necessary to adjust and elaborate on 


the data, on the basis of more defini- 
tive information, if maximum benefits 
are to be realized. It has been decided 
that these refinements are worth the 
additional cost and effort, and indi- 
vidual consultations for this purpose 
with water works officials in the target 
areas are now under way. 


J. Stephen Watkins, consulting en- 
gineers, Lexington, Ky., has opened 
an office in Lansing, Mich., under the 
direction of Robert H. Uhl. | 


Earl E. Norman, former manager 
of light and water utilities at Kalama- 
zoo, Mich., died Feb. 21, 1957, after 
an operation. He was 64. Born in 
Three Rivers, Mich., he received a 
B.S. in electrical engineering from the 
University of Michigan in 1917. After 
graduation, he joined General Electric 
Co., where he remained until 1922. In 
that year he became manager of light 
and water utilities at Kalamazoo, a 
position he retained until his recent 
retirement. 

A Life Member of AWWA (joined 
in 1924), Mr. Norman served the 
Michigan Section as chairman and di- 
rector, and received its nomination for 
the Fuller Award. He also belonged 
to ASME, AIEE, Michigan Engineer- 
ing Society, and Michigan Municipal 
Utilities Assn. 


237 Columbus Ave. 


ATTENTION Water Meter Repairmen! 
Patrick COPPER AND BRASS DIP 


In Concentrate Form—For finished product add water 


QUICK ACTING, RESTORES LUSTER TO COPPER, BRASS, 
AND BRONZE 


12 containers of concentrate makes 12 gallons of C.B. Dip. 
approximate weight 33 Ibs. 


LEO R. LEARY, Manufacturer 


$28.20 prepaid. 


Buffalo 20, N.Y. 
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too late! 
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Dirty, clogged water mains are a ser lous—dangerous threat 
_ to any fire fighting organization. Low water pressure caused by _ 
incrusted pipes often makes the difference between minor damage 
and major conflagration. Yes, dirt can mean disaster. 
Your community deserves the extra-protection of clean water mains. 


experience can guarantee restoration of any water main to 


And, National with almost a half-century of cleaning ; 
at least 95% of its original rated capacity! 


Call National today—tomorrow could be too late! 


TIONAL WATER MAIN CLEANING COMPANY a 
50 Church Street * New York, N.Y. 


ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA: P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 8 So. 
Dearborn Street * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * RICHMOND, VA; 210 E. Franklin Street * SALT LAKE 
CITY; 149-151 W. Second South Street * SIGNAL MOUNTAIN, TENNESSEE; 204 Slayton 
Street *° MONTREAL, CANADA; 2032 Union Avenue * WINNIPEG, CANADA; 576 Wall 
Street * HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 
RICO; Luis F. Caratini, Apartado 2184. 
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SECTION MEETINGS 


Vol. 49, No4 


Cuban Section: The 1956 meeting of 
the Cuban Section took place Nov. 29- 
Dec. 1 at the Cuban Engineers’ Society 
Bldg., Havana. The opening of the meet- 
ing was a gala affair, attended by the min- 
ister of public works, the president of the 
Board of Aldermen of Havana, a repre- 
sentative of the minister of public health, 
and a number of delegates from various 
boards that operate in connection with the 
government. AWWA President Paul 
Weir and WSWMA President J. A. 


(Continued on page 96 P&R) 


Frank gave very interesting talks, which 
did a great deal to cement the bonds of 
Cuban-American friendship. Dr. De la 
Vega, president of the Board of Alder- 
men of Havana, gave an answering ad- 
dress, which was extremely well received 
The final speaker was Nicolas Arroyo, 
minister of public works, who compli- 
mented the Cuban Section on its valuable 
cooperation at all times with the efforts 
of the government to improve the water 
situation on the whole island. 


IRON REMOVAL & 
WATER SOFTENING 


During 1956 we built a large number of dur- 
able and efficient low cost water treating 
plants for the removal of iron, manganese, 
hardness and other undesirable impurities. 
These plants operate automatically, require 
very little space and are unusually inexpen- 
sive to operate and maintain. 


Full Particulars on Request 


- HUNGERFORD & TERRY, INC. 


CLAYTON 65, 


NEW JERSEY 
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PITTSBURGH 
-DES MOINES 


ELEVATED 


STEEL TANKS 


—and indispensable 
to better community 
water service! 


Integral elements in Fargo’s general 
plan for improved city water pressure 
and fire protection service are these 
modern Pittsburgh-Des Moines elevated 
steel tanks. 

At top is shown the newly-erected 
PDM_ 1,000,000-gallon radial cone 
tank, built across town from the pump- 
ing station, supplying both a residential 
area and North Dakota Agricultural 
College. Below is pictured the new PDM 
500,000-gallon double-ellipsoidal tank 
located in the business district for 
always-available fire protection. (The 
privately-owned roof-top industrial tank 
is also by PDM!) 

Write for your free copy of our 28- 
page Elevated Tank Catalog, illustrating 
and describing the various types in detail. 


PITTSBURGH + DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES, SANTA CLARA, FRESNO, and CADIZ, SPAIN 


Sales Offices at: 
PITTSBURGH (25) . . . . 3424 Neville island DES MOINES (8). . 925 Tuttle Street 
NEWARK (2). . . 221 Industrial Office Bldg. DALLAS (1). . 1229 Praetorian Bldg. 
CHICAGO (3), 1228 First National Bank Bidg. 532 Lane Street 
——a EL MONTE, CAL. SANTA CLARA, CAL., 631 Alviso Road 
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Section Meetings 


_ The technical sessions started Thursday 


afternoon, Nov. 29, with papers by Gus- 
tavo A. Bequer, Laurence H. Daniel, and 
Garcia Bengochea that caused lively com- 
ment. In the evening a program of 
movies and a visit to the manufacturers’ 
exposition made a most enjoyable end to 
a perfect day. 

The morning of Friday was taken up 
by three papers on the use of chlorine for 
water purification. Leandro de Goicoe- 
chea, Ernesto E. Trelles, and Arnoldo 
Castillo M. were the speakers. <A typi- 
cal Cuban lunch, held at the Zaragozana 
Restaurant, was attended by all of the 
members. 

In the afternoon, a very fine historical 
paper was presented by Abel Fernandez, 
after which the annual business meeting 
took place. The following officers were 
elected: chairman—Manuel F. deVera; 


(Continued from page 94 P&R) 


vice-chairman—Luis Radelat; secretary- 
treasurer—C. Maurice Labarrere; direc- 
tor—Laurence H. Daniel. 

An innovation to be noted was the 
inclusion in the meeting of the Congress 
of Water Works Owners. A number of 
water works operators attended the meet- 
ing, and it is hoped that they will all 
eventually become members of the Cuban 


Section. 


Indiana Section: The 49th annual In- 
diana Section Meeting was called to order 
on the afternoon of Feb. 6 by Chairman 
Everitt Robbins, who presented a brief 
address of welcome to the membership. 
The technical part of the program began 
immediately thereafter. [A list of the 


LAURENCE H. DANIEL 
Secretary-Treasurer 


(Continued on page 98 P&R) 


For Public Water Fluoridation 


Sodium Silicofluoride—98°% 


(Powder) 


Sodium Fluoride—98 % 


(Powder or Granular) 


Available in bags and drums 
The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 


White or tinted blue : 
Minimum of dust in handling _ 
Minimum of storage space 
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Can Your Water Pipe Withstand 


Three Times the Working Pressure? 


Ss As this chart shows, steel water pipe can withstand at least three times 


of the calculated maximum allowable 
et- =p 


working pressure before bursting. 


all ae THEORETICAL INTERNAL PRESSURES OF STEEL PIPE 
18| 50 | 445 |1390| 62 | 555 |1735| 75 | 665 |2080| 88 | 775 |2430| 101 | 890 | 2780 
600 |1875| 97 | 700 2180 111 800 | 2500 


20 55 400 1250 69 500 1560 83 


61 | 365 | 1135 465 1420, 91 
ler 24) 67 335 | 1040. 420 1300 100 
an 30 83 270) 104 340 | 1040| 125 
ief 36| 104 695) 128 280 870| 154 


42| 116 | 195°)°5959 144 240 | 745| 173 | 
48 | 132 170 | 520] 165 | 210 | 650/| 198 


250 | 780/°231 290 910, 264 330 | 1040 


550 |1700 107 | 640 190s | 122 730 | 2270 


505 | 1560 116 585 1820 | 133 | 665 2080 


1250 145 | 475 1455 | 166 166 535 1670 


“340 | 1040 179 | 395 204 445 | 1390) 
285 890) 202 335 | 1040 | 231 380 | 1190 


54 186 190 580 | 223 | 225 | 695. 260 | 260 810 297 295 925 
60 207 170 525 | 248 | 200 625 289 | 235 | 730 330 | 265 835 
72 306 | 355 | 195 | 605| 405 | 220 695 
84 Po 346 | 145 | 450) 403 | 170 | 520] 460 | 190 | 595 
% The recommended minimum wall thickness is approximately the pipe diameter 464 145 455 | 524 165 520 
~_—;, divided by 165. Pipe hoving this diameter-thickness rotio, when bockfilled 
108 ond properly tomped, will withstand any depth of cover } "60s 150 | 465 
For buried pipe, the d minimum thickn ore shown im- 
1 mediately above heavy block fine j°656 | 135 | 415 
*Under certain conditions stiffeners may be required to reduce deflections. 
P =txTs P = internal pressure, psi t= thickness, in. r = radius of pipe, in. 
r Ts = allowable unit stress = 60% x 27,000 (yield point) = 16,000 psi 


Based on use of ASTM A-283, Grade B Steel, 50,000 psi min. ultimate tensile strength. 


Take a look at just two examples: 


(A) If you select 36 x 4% in. steel pipe, 
AWWA design standards allow a 
maximum working pressure of 225 psi, well 
in excess of ordinary pressures. Yet your 
minimum bursting pressure is 695 psi—over 
three times the working pressure. 


(B Now look at 60 x % in. pipe. With a 
maximum allowable working pres- 
sure of 200 psi you get a minimum bursting 


BETHLEHED COMPANY, BETHLEHEM, PA. 


Beth 


pressure of 625—that’s more than triple, 
giving you an ample safety factor. 

Don't gamble with slim margins of 
safety. Don’t take chances with water lines. 
Bethlehem Steel Pipe costs no more than 
other materials—actually costs /ess to install—- 
and gives you reliable performance. 

Remember, every /ength of Bethlehem Steel 
Pipe is hydrostatically tested in accordance with 
AWWA standards, usually to twice the work- 
ing pressure! For further facts see your near- 
est Bethlehem sales office. 


1 by Bethlehem Pacific ¢ 


hem Steel Export Cor oratiot erideney 


BETHLEHEM STEEL 
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Section Meetings 
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papers presented will appear in the De- 


cemLer 1957 JouRNAL. | 
At the noon luncheon and_ business 
meeting on Thursday, Feb. 7, AWWA 


Secretary Harry E. Jordan congratulated 
the Section on winning the Nicholas S. 
Hill Award for 1956. He also urged all 
present to contact their state legislators 
and ask for their support of the Federal- 
\id Highway Bill now the Gen- 
eral Assembly. 

\ capacity crowd enjoyed the Thurs- 
day evening banquet, entertainment, and 
dancing, at which time the officers for the 
coming year were introduced. They are: 
chairman—Ray G. Rinehart, J. B. Clow 
& Sons, South Bend; vice-chairman—Leo 
Louis, vice-president and general man- 
ager, Gary-Hobart Water Corp.; and 
secretary-treasurer—Chester H. Canham, 
State Board of Health, Indianapolis. The 
nomination for the Fuller Award went 


before 


R) 


Marshall P. Crabill, vice-president of 
operations, Indianapolis Water Co., who 
began his water works career almost 25 
vears ago. The evening’s program con- 
cluded with the recognition of Lewis S. 
Finch, vice-president and chief engineer, 
Indianapolis Water Co., 
cently nominated AWWA vice-president. 

lhe final Friday morning 
was a combination breakfast and manage 
ment problems forum, presided over by 
Howard S. Morse, chairman of the board, 
Indianapolis Water Co. 

If attendance is any criterion, the 49th 
annual Indiana Section Meeting was suc- 


who was re- 


session on 


cesstul. A total registration of 499, in- 
cluding 102 wives, set a new attendance 


record. It is hoped they will all return 
next year to help celebrate the Section’s 
golden anniversary. 
Ropert J. BECKER 
Secretary-Treasurer 
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| Mapping out a 
Public Relations | 
Campaign? — | 


Let Willing Water help you 
the master of all he surveys. Let him 
clear the brush of public ignorance 
of water works problems. Let him 
erect for you an edifice of public 
appreciation and co-operation on a 
foundation of good will. 

Willing Water is waiting to meet your customers and employees. Right 
now he has 32 different approaches to your problems in the form of 
low-cost blocked electrotypes or newspaper mats. And he’s only be- 
ginning his career. Write now for a catalog and price list to: 


AMERICAN WATER WORKS ASSOCIATION 


... he’s 


2 Park Avenue ° New York 16, New York 


| 
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How to Choose Waterstop 4 


performance 
in Water and 
Sewage 
Treatment 
Plant Joints 


for optimum 


Ultimate Elongation, Retention in Concrete Most Important Factors 


Che principal function of waterstop is to keep 
oncrete joints watertight where hydrostatic 
yater pressure is present, and where movement 
f the concrete tends to open the joint. 


To be effective, and to perform its function, 
the waterstop must 


1. Be made of a material which has high tensile 
strength and permit maximum elongation 
without losing its elasticity. This is referred 
to as “ultimate elongation.” 

2. Be made of a material which permits a good 

concrete bond. 

Be designed in such a way that concrete can 

make full contact with, and assure good re- 

tention of the waterstop during movement of 
the concrete. 


w 


Many materials and designs in waterstop have 
been developed. Today, the most widely used 
materials are rubber, neoprene and polyvinyl- 
chloride. Designs vary with individual manu- 
facturers and each design has its adherents. 
There seems to be, however, general agreement 
by many governmental and private specifying 
authorities, after years of testing and actual 
installation, that the rubber material and the 
dumbbell design (below) offer more advantages 


because of its inherent tensile strength, ulti- 


6” DUMBBELL TYPE EMBEDDED IN CONCRETE WITH A CONSTRUCTION JOINT 


4! 


9” HOLLOW BULB TYPE EMBEDDED IN CONCRETE WITH AN EXPANSION JOINT 


mate elongation, ability to bond with concrete, 
superior retention in the structure during con- 
traction, and because of its comparatively low 
cost. 


Retention of the waterstop in the joint during 
contraction or settling of the structure is an- 
other important consideration in choosing a 
type for your specific application. It is here that 
the dumbbell design is demonstrably superior to 
any other which has been developed to date. 
The design of the dumbbell is such that, when 
the concrete contracts and the joint opens up, 
the outer dumbbell edges become more tightly 
engaged with the concrete, making a tighter 
seal as the tension increases due to movement 
either in the joint or increasing water pressure 
on one side of the joint. 


Field Splicing of Dumbbell Type 


Servicised Products Corporation has developed 
a new Union which provides a simple method of 
joining the ends of dumbbell waterstops, mak- 
ing it just as fast and easy to field splice rubber 
and neoprene waterstop as the joining of the 
polyvinylchloride types. 

The Union is made in the same cross-section, 
and from the same material as the waterstop. 
It is hollow, except for a solid web at the center. 
After adhesive is applied to the waterstop ends, 
they are inserted in the Union and pushed 
against the centering web. This completes the 
splice. 

Dumbbell type rubber and neoprene water- 
stop and the new Union are fully described in a 
special Waterstop Circular available from 
Servicised Products Corporation upon request. 


SERVICISED PRODUCTS CORPORATION 
6051 W. 65th Street «¢ Chicago 38, Mlinois 
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TRANSITE 


FILTER BOTTOMS 


Cut Your Filtration Costs 


NON-CLOGGING PORTS 


Transite filter bottoms are specially 
designed so that the ports cannot be 
blocked by gravel, closed by expan- 
sion, or enlarged. The flow re- 
mains constant and continuous and 
the backwash’ uniform. Highly 
practical filter bottom easily re- 
moved for inspection and quickly 
relaid. 


The construction is strong—dura- 
ble—and simple. Transite filter 
bottoms have been designed and 
tested to withstand a load of 5,000 
Ibs. per sq. ft., insuring a safety 
factor of over 4X. Field assembly 
requires a screwdriver and about 
five minutes per plate. 


Write For Literature 


FitTRATION 


EQUIPMENT 


CORPORATION 


271 HOLLENBECK ST. 
ROCHESTER 21, N. Y. 


, (Continued on page 102 P&R) 


Alkalies and other chemical products 
of Solvay Process Div., Allied Chemical 
& Dye Corp., are described, with data on 
properties, uses, packaging, and handling, 
in an attractive 56-page “Products Book,” 
available from the company’s Dept. PB, 
61 Broadway, New York 6, N.Y. 


Steel pipe reliability and resiliency is 
the subject of an 8-page illustrated bro- 
chure published by Steel Plate Fabricators 
Assn., 79 W. Monroe St., Chicago 3, III. 


Roller bearing specifications and engi- 
neering data are given in a 72-page cata- 
log (No. 55) on “Shafer” self-aligning 
models available from Chain Belt Co., 


Milwaukee 1, Wis. 
A nomograph to eliminate mechanical 
calculations when reacting sodium silicate 
with acid-functioning chemicals in the 
preparation of activated-silica sols can be 
obtained from Philadelphia Quartz Co., 
1158 Public Ledger Bldg., Philadelphia 6, 
ra: 


Pipe cleaning operations in the New 
England flood area are described in a 24- 
page illustrated brochure issued by Ace 
Pipe Cleaning, Inc., 3513 E. 18th St., 
Kansas City, Mo 


Membrane filter dehydrated scheduled 
nutrient (DSN) packs, under the “Iso- 
por” trade name, are described and illus- 
trated in a 4-page technical bulletin (No. 
15) obtainable from AG Chemical Co., 
Box 65c, Pasadena, Calif. ; 
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WORTHINGTON - GAMON 


rates 
WATCH DOG 
The meter used by Oe 


thousands of munic- 
ipalities in the U. S. 


“Watch Dog” models 

- made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 


pound type. 


SURE TO MEET 
YOUR SPECIFICA 
TIONS FOR ACCI 
RACY, LOW MAIN 
TENANCE, LONG 
LIFE. 


Dog Water Meters first choice of 
sO many municipalities and private 
water companies in the United 


States. 


Before you invest in water meters, 
get acquainted with the design and 
performance advantages which 
make Worthington-Gamon Watch 


WORTHINGTON-GAMON 
METER DIVISION 


Worthington Corporation 
2% ure STREET, NEWARK 5, NEW JERSEY 


OFFICES IK ALL PRINCIPAL CITIES 


- 
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Chlorine valve inspection and cleaning at a Jones plant. 


Here’s why you get 
SAFE CHLORINE SERVICE 
from Jones 


At John Wiley Jones Co., each cylinder 
valve must stand rigid inspection before 
it is passed for your use—the first step in 
a quality control system that assures you 
trouble-free operation. Testing and thor- 
ough valve cleaning before filling prevents 
leakage and contamination of your 
Chlorine. 

Jones Chlorine meets tough government 
specifications . . . in 1-ton tanks or 16, 
105 and 150-lb. cylinders. 

Discover yourself why we supply more 
municipalities than all other packers com- 
bined. Seven Jones plants strategically 
located across the U.S. supply clean, 
pure Chlorine as you need it—in just a 
few hours. 

Let us help solve your Chlorine prob- 
lems. Call or write for information. 


CALEDONIA, N.Y. TORRANCE, CALIF. 
100 Sunny Sol Bivd. 1904 Border Ave. 
Tele: Caledonia 84,79,339 Tele: Fairfax 8-6383 


Nev - 
INDIANAPOLIS, IND. 
600 Bethel Ave. JACKSONVILLE, FLA. 
Beech Grove (indpls), Ind. 2365 Dennis St. 
Tele: STate 6-1443-1444 Tele: Elgin 4-5503, 6-3321 


CHARLOTTE, N.C. NORTH MIAMI, FLA. 

610 MecNinch St. 14400 N.E. 20th Lane 

Tele: Franklin 6-7790, Tele: North Dade 6-146] 
6-1922 6-1462 


RIVERVIEW, WYANDOTTE, MICH. 


18000 Payne Ave. 
Tele: Avenue 3-0676 


WILEY JONES co. 


EMPLOYMENT INFORMATION 


Vol. 49, No. 4 


Seruice Lines 
(Continued from page 100 P&R) 


Vertical pressure filters for use in in- 
dustrial plants and other applications are 
covered in two 4-page bulletins issued by 
Cochrane Corp., 17th St. & Allegheny 
Ave., Philadelphia 32, Pa. Bulletin 6319 
describes the Type A filter, with slotted 
diffuser plate underdrain; Bul. 6320 de- 
scribes Type B, with header lateral strain 
system underdrain. 


Trucks for construction work are de- 
scribed, with selection data, in a 20-page 
illustrated booklet published by Ford 
Motor Co., Box 608, Dearborn, Mich. 


Laboratory equipment and reagents 
available from Hach Chemical Co., Ames. 
lowa, are listed in a 48-page illustrated 
catalog (No. 4) issued by the company. 


Instrumentation for indicating, re- 
cording, controlling, and transmitting 
flow, pressure, and density is described, 
with prices, in a 32-page illustrated cata- 
log (No. 2) available from Fischer & 
Porter Co., 907 Jacksonville Rd., Hat- 
boro, Pa. 


Employment 
Information 


Classified ads will be accepted only for ‘Positions 
Available” or ‘Positions Wanted.”’ Rate: $1.50 per 
line (minimum $5.00), payable before publication. 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain ‘Classified 
Ad Authorization Form” from: Classified Ad Dept., 
Journal American Water Works Assn., 2 Park Ave., 
New York 16, N.Y. 


Positions Available 


Openings for experienced engineers with a 
national consulting organization on industrial wastes 
and design and control of water treating facilities. 
Ph.D. or Master’s degree desired but not imperative. 
Salary commensurate with technical education and 
experience. Please send resume, including references, 
and statement of salary requirements. Preliminary 
negotiations confidential. Box 41 Journal, American 
Water Works Assn., 2 Park Ave., New York 16, N.Y. 
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OLD-FASHIONED PIPE  K&M ASBESTOS PIPE 
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| After a few years 


After many years 


1 
4, 


Choose your pipe for keeps 


Its permanently-smooth, non-tuberculating 
bore is just one of the advantages of the 
modern pipe—K&M Asbestos-Cement Pipe. 
Other advantages: Easy installation under 
any weather and ground conditions; non-cor- 
roding inner and outer surfaces; high resistance 
to electrolytic action; permanence of joint 
obtained quickly with exclusive _ K&M 
“Fluid-Tite’’® Coupling. 

FOR PRESSURIZED MAINS to 200 psi, K&M 
Pressure Pipe meets A.W.W.A., A.S.T.M., 
and U. S. Federal Specifications. 


Get the whole story on the modern pipe from 
the K&M distributor. And visit us at our booth 
at the A.W.W.A. Convention, Convention Hall, 
Atlantic City, N. J.. May 12-17, 1957. 


Installing K&M Asbestos-Cement Pipe is a 


fast, easy, permanent job with the exclusive 
K&M “‘Fluid-Tite’ Coupling. No heavy KEASBEY & MATTISON COMPANY + AMBLER, PENNSYLVANIA 


equipment or skilled labor needed, no waiting in Canada, It's ATLAS ASBESTOS CO., Ltd., 5600 Hochelaga St., Montreal, P.Q, 
for favorable weather or ground conditions. For “CENTURY” Pipe and “FLUID-TITE” Couplings 
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Taquid Alum Means q 
LOWERED WATER-TREATMENEKC 


... and a cleaner §no 


“Quick pay-off 
on installation 


immediate 
improvement in 
operation 


—says Mr. George H. Straub 
Supt. Westchester Join 
Waterworks, membe 

of AW.W.A 


Nic 
met 
wat 


Mr. W. VY. Settling and subsequent water treatment a 


Ir ge, 
Spelman, Plant Manager, can rely on the consis- benefit from clean liquid alum. 
tent concentration of the stored liquid alum. 


ey 
2 
. 
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OSTS FOR 


or efficent waterworks! 


-of “T knew the delivered cost of Liquid Alum was lower, but wasn’t sure if the : 
difference justified converting our alum facilities. At my request, a Cyanamid _ 
n representative carefully surveyed our present operation, then worked up an 


estimated conversion cost. Based on our alum consumption, he figured our 
savings would pay off the new installation in three years. : 
>) 
“The economic facts were so well detailed that our Board of Trustees readily _ 
on’ agreed we couldn't afford to pass up the annual savings. They approved the 
appropriation. 
raub 
“The installation has been in use for a year. It’s obvious we’ll pay off within 
the estimated period. After that, there will be cheaper water treatment for 
V.A Westchester. 


“But there are benefits that don’t show up on the budget. Liquid Alum is 
easier to handle in unloading, storage and use, permitting a much cleaner 
operation as well as reduced labor and supervision. We now have much greater 
operating flexibility.” 


Request a Liquid Alum Survey and let Cyanamid figure your savings. 


Call your Cyanamid representative and let him develop the money-saving 
possibilities in your water-treating system. Behind him are years of Cyanamid . 
experience in adapting existing waterworks installations to Liquid Alum. 
Conversion is not an expense, but an investment which pays off handsomely 
in easier operation and lowered costs! 


— CYANAMID 


AMERICAN CYANAMID COMPANY 
HEAVY CHEMICALS DEPARTMENT 
30 Rockefeller Plaza 


New York 20, N. Y. 
nt a N F man, adjusts ‘an 


metering of liquid alum directly into the in Canada: North American Cyanamid Limited 7 a 


water system. Toronto and Montreal 
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Burdan, Pau!, Management Trainee, 
New Jersey Water Works Co., 214 
W. Atlantic Ave., Haddon Heights, 
N.J. (Jan. ’57) M 


Burhans, Charles W., Jr., Part- 
ner, The Burhans-Sharpe Co., 1731 
ist Ave. S., Seattle 4, Wash 
(Jan. °57) PD 
Cameron, Howard E.,  Prop., 
Economy Water Conditioners, 5717 
Taft, Hollywood, Fla. (Jan. ’57) P 


ASSOCIATION 
Carroll, Clarence L., Head Opera- 
tor, Filtration Plant, Water Works, 
Cleveland, Tenn. (Jan. 57) P 
NEW MEMBERS Chandler, James E.; see Auburn- 
dale-Fairdale (Ky.) Water Dist. 


Applications received Feb. 1-28, 1957 | ¢ hapman, Ralph E., Sales, Ulrich 
| Chem. Inc., 2640 W. Minnesota, 
Acker, Joseph D., Sales Repr., Indianapolis, Ind. (Jan. ’57) P 


Co., Phi hia, Pa. 
wees Fe | Clark, Lamar, Supt., Water Dept., 


(Ja 7 

Watkinsville, Ga. (Jan. PD 
Alexander, Charles Ivan, Mgr., 

Field Research Lab., Magnolia, Crawford, Robert E., City Chem- 

Petroleum Co., Box 900, Dallas, ist & Bacteriologist, Bureau of Wa- 

Tex. (Jan. 57) RPD ter, Easton, Pa. (Jan. 57) P 


Crawley, George, City  Engr., 
| Forsyth, Mont. (Jan. °57) MPD 
Abadan, South Iran (Jan. °57) | Creel, Walter Stewart, Supt., 
MPD Munic. Water Works System, 208 
Appledorn, William, Jr., Sales Central City, Ky. (Jan. 
Engr., Johns-Manville Transite 
Pipe Div., Box 2, Holland, Mich. } Sate hton, James M., Jr., Supt. of 
(Jan. °57) MD Utilities, Whitelé and, Ind. (Jan 


MRPD 
\uburndale-Fairdale Water ,, 
Dist., James E. Chandler, Mgr., 
7139 Southside Dr., Louisville 14, ity Hall, Hood River, Ore. (Jan 


AMERICAN 


Ky. (Corp. M. Jan. 57) MD 
avis, c., Public ealt ngr., 
Basolis, Elbert Gene, Water- Saskatchewan Dept. of Public 
Sewer Utility, Vineland, N.J. (Jan. Health, 31 College Court, Regina, 
57) Sask. (Jan. °57) 


Bassitt, Russell J., Acting Supt.| Davis, Thomas, Supt., Windfall, 
of Water Treatment Plant, E. Ind. (Jan. ’57) MD 
Sets St., Lima, Ohio (Jan. '57) Deyoe, Harry Bruce, Civ. Design 
Engr., Black & Veatch, 1500 
Beatty, H. McIntosh, Jr., Tech. Meadow Lake Pkwy., Kansas City, 
Service Engr., Hooker Electro- Mo. (Jan. ’57) MP 
chemical Co., Tacoma, Wash. (Jan. | pes jardins, Gerald Michael, Wa- 
57) P ter Works Engr., Metropolitan Wa- 
Blouin, Roy A., Insurance Agent, ter Works, 20 Eglinton Ave., East 
Lockport, La. (Jan. ’57) R Toronto, Ont. (Jan. ’57) 
Bock, C. A., C. A. Bock Construc-| Doerries, Erwin S., Supt., West 
tion Co., Box 836, Fort Wayne, Keansburg Water Co., 250 Me- 
Ind. (Jan. °57) D chanic St., Red Bank, N.J. (Jan. 


Bocken, George N., Supervisor of | 37) M 
Distr., Dept. of Water Works, | Dufrene, Earl J., Operator, La- 
5941 Calumet Ave., Hammond, fourche Parish Water Dist. No. i 
Ind. (Jan. °57) D Box 307, Lockport, La. (Jan. °57) 


Bogert, Irving R., Real Estate & 
Insurance, Bloomfield Ave., Pine| Dungey, J. R., Water & Street 
Brook, N.J. (Jan. °57) MRPD Sit Coquille, Ore. (Jan. °57) 


Pipe S. Dearborn St., Chi-| State Univ. Eng. Dept. 
cago 3, . (Jan. ’57) MRP —— Franklin, Supt., Water 
forks, W. Water St. Flemings- 
Bratton, E., Supt., Avon st ; 
Township System, 407 Pine St., _burg, Ky. (Jan. '57) : : 
Rochester, Mich. (Jan. ’57) MRPD Works, 
Brax, Ray, Water Supt., Assaria, MPD 
Fultz, Russell L., Supt. of Distr., 
rosey, C. L., Sales Engr., Acme! Water Works, Salem, Ind. an. 
Indianapolis, Ind. (Jan. ’57) P Gaither, ©. M., Owner, Acme Eng. 
Brown, Earle, Supt. of Filtration, Agency, 2051 E. 46th > India- 
Salem, Ind. (Jan. ’57) P | napolis, Ind. (Jan. °57) 


(Continued on page 108 P&R) 


Gaudet, L. L., Supervisor, Water 
Plant, Thibodaux, La. (Jan. °57) 
PD 

Girand, John, Partner, Johannessen 
& Girand, 415 Central & Wash 
ington Bldg., Phoenix, Ariz. (Jan. 
'57) MRP 


Gribkoff, George Peter, Assoc 
Public Health Chemist, State Dept 
of Public Health, Bureau of San. 
Eng., 217 Wist St., Los Angeles, 
Calif. (Jan. ’57) PD 

Groopman, Abraham, Div. Engr.. 
Dept. of Water Supply, Gas & 
Electricity, Rm. 2403, Municipal 
Bldg., New York 7, N.Y. (Jan. 
57) RD 


Gwinnup, Donald M., City Engr., 
Anderson, Ind. (Jan. °57) M 


Hardgraves, Charlie, Supt., 
Munic. Water Works, Paris, Ark. 
(Jan. '57) PD 

Harmon, Judson A., Supervising 
San. Engr., State Dept. of Public 
Health, 703 California State Bldg., 
Los Angeles 12, Calif. (Jan. °57) 
PD 

Harris, Howard Sully, Jr. San. 
Engr., East Bay Municipal Utility 
Dist., 2130 Adeline, Oakland, Calit 
(Jan. ’57) P 

Herrscher, William Arthur, Sr 
Asst. Civ. Engr., Dept. of Water 


Supply, Detroit, Mich. (Jan. °57) 
D 


Holley, Donald L., Asst. Engr.. 
Ayres, Lewis, Norris & May, 500 
Wolverine Bldg., Ann Arbor, Mich 
(Jan. °57) RD 

Holmes, Lloyd C.,  Vice-Pres., 
Coastal Eng. New Orleans, 
La. (Jan. °57) PD 


Hull, Lynne H., II, Sales & Serv- 
ice Repr., Wallace & Tiernan, 6364 
Guilford Ave., Indianapolis, Ind. 
(Jan. °57) P 

Illenberger, Grant M., Vice-Pres., 
Morgan Steel Products, Inc. 6700 
Morgan Ave., Cleveland 27, Ohio 
(Jan. D 

Johnson, Carl L., Mer., Public 
Utilities, Port Dalhousie, Ont. (Jan. 
$7) J 

Johnson, Fred N., Office Engr., 
Armco Drainage & Metal Products, 
Inc., Box 751, Portland 7, Ore. 
(Jan. °57) RD 

Jones, Edgar D., Supt., Water 
Dept., Anderson, Ind. (Jan. ’57) M 


Keliam, M. H., Gen. Foreman, Wa 
ter Dept., 3102 Cedar, Everett, 
Wash. (Jan. MRPD 

Kennedy, James Jerome, Civ. 
Engr., D. L. Alway & Assocs., 
Inc., 1998 Cambridge Rd., Berk- 
ley, Mich. (Jan. 57) RPD 

Kennedy, Thomas Paul, Supt., 
Water & Sewage Plant, Clover Bot- 
tom Home, Donelson, Tenn. (Jan. 
57) P 

King, Leslie L., Water Service 
Supervisor, Water Dept., 323 
County-City Bldg., Seattle 4, 
Wash. (Jan. 
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FOR INFALLIBLE MEASUREMENT OF WATER 

24-HOUR 

WATCH! 


Guard your water volume with 


a certainty that every gallon of 
water is accounted for in your 


absence at the measuring sta- 


tion. Sparling Meters are 
tamper-proof. They are also highly corrosion-proof. 
Don’t sand-up or cause severe friction loss. . 


_ MEASURING 2” FLOW OR A RIVER 


Metering with Sparlings extends over the widest volume 


range. Closed pipe and mainline, open flow. The su- 


perior advantages of the Sparling propeller principle in- 


sure an accuracy unapproached by any other method, 
as proved by countless case reports. 

COUPON FOR FACTUAL DATA 


inc. 
225 N. Temple City Bivd., E! Monte, Calif. 


On ' Sparling Meter Company, Inc. JA-4 
LANTA 
66 Luckie St. N.W. 945 No, Main St. \ 225 N. Temple City Bivd., El Monte, Calif. 
CHICAGO 4 ROSELLE, N. J. 

220 So. State St. 650 First Ave. West |! NAME 
CINCINNATI 2 SAN FRANCISCO 24 

626 Broadway 85 Industria! St. i 
DALLAS 1 SEATTLE 99, 

505 No. Ervay St. 904A Elliott West 1 ADDRESS 
KANSAS CITY 6, MO. TORONTO, CAN. r 

6 E. Eleventh St. 207 Queens Quay West 1! 


= ROMFORD, ENGLAND 248 London Rd. CITY i 

5 


i 
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Kirkpatrick, Forrest E., Project 
Engr., Black & Veatch, Kansas 
City, Mo. (Jan. ’57) RP 


Kobie, Philip, Supt., Water Dept., 
City Hall, Berea, Ohio (Jan. °57) 
MD 


Kowalski, Lawrence John, Office 
Mgr., Water, Tax & Revenue, 705 | 
Ward St., Matinez, Calif. (Jan. 
MRD 


LaJoie, Jean-Paul, Water Works | 
Engr., Sherbrooke, Que. (Jan. ’57) 
MPD 

Lamphere, Edwin MacKelsey, 
San. Eng., US Public Health Serv- 
ice, Arctic Health Research Center, 
Box 960, Anchorage, Alaska (Jan. 
RPD 

Lee, Thomas J., Salesman, The | 
Lee Co., 238 Bloomfield Ave., 
Denville, N.J. (Jan. 


Legendre, Guy G., Street Com. & 


Waterworks, Box 148, Lockport, 
La. (Jan. ’°57) PD 
Legendre, Irving E., Megr., La- 


fourche Sugar Factory, Thibodaux, 
La. (Jan. M 

Lenzer, Donald W., Dist. Repr., 
Darling Valve & Mfg. Co., Wil- | 
liamsport, Pa. (Jan. °57) D | 


NEW MEMBERS 


(Continued from page 106 PER) 


Leonard, Robert W., Supt. of 
Utilities, Connersville, Ind. (Jan. 
°57) MRPD 


Lodge, H. M., Miger.’s Agent, Box 
216, Ridgewood, N.J. (Jan. ’57) 
Lofton, Thomas Everette, Water 
Plant Operator, Meridian, Miss. 

(Jan. °57) P 

Madison Water Co., Marlboro Rd., 
Old Bridge, N.J. (Corp. M. Jan. 
57) PD 

Maloney, Joseph M., Chem. Engr., 


Calgon, Inc., 211 S. Main, Lom- 
bard, Ill. (Jan. °57) 
Marcum, Dan Arthur, Supt of 


Water Dept., Utilities Com., Cor- 
bin, Ky. (Jan. 57) MPD 

Marvin, Joseph L., Civ. Eng. Asst., 
Dept. of Water & Power, 14601 
Aetna St., Van Nuys, Calif. (Jan. 
57) D 

Matherne, Victorin J., Operator, 
Lafourche Parish Water Dist. No. 
1, Box 307, Lockport, La. (Jan. 

Mays, George Neal, Comr., Utility 
Dist., Fall Branch, Tenn. (Jan, 


57) 


McCord, Claude Manley, 2909 
Central Ave., Memphis, Tenn. 
(Jan. ’57) M 


(Continued on page 110 P&R) 


Switch to 


ANTHRAF 


the MODERN 
All-Purpose Filtering Medium 


Anthrafilt Offers Many 
Advantages Over Sand and Quartz 


DOUBLES length of filter runs. 


effluent. 


etc. 


@ IDEAL for industrial acid and alkaline solutions. 
@ EFFECTIVE filtration from entire bed. 
@ LESS coating, caking or balling with mud, lime, 


iron, or manganese. 


Write for further information, 
test samples and quotations to: 


PALMER FILTER EQUIPMENT CO. 
P.0. Box 1696—822 E. 8th St., Erie, Pa. 


Representing: 


REQUIRES only half as much wash water. 
KEEPS Filters in service over longer periods. 
INCREASES Filter output with better quality 


GIVES better support to synthetic resins. 


PROVIDES better removal of fibrous materials, 
bacteria, micro-organic matter, taste, odor, 


ANTHRACITE EQUIPMENT CORP. 
Anthracite Institute Bidg., Wilkes-Barre, Pa. 


ILTs 


Journal 


The complete text of “A Sur- 
vey of Operating Data for 
Water Works in 1950” com- 
bined with “A Statistical Anal- 
ysis of Water Works Data for 
1950” in one handy book. 
total of 122 pages of tables 
and comment reprinted from 
the June and December 1953 


paper binding; $1.00 postpaid. 


American Water Works Assn. 
2 Park Ave., New York 16, N. Y. 


Vol. 49, No. 4 


MecLochlin, John, Water Supt., 
Rochester, Ind. (Jan. ’57) MPD 
Medlin, Lewis Bain, Water Works 
Supt., Mount Pleasant, N. C. (Jan. 

57) 


Meurer, Charles Samuel, Cons. 
Engr., Meurer-Serorfini-Meurer, 2042 
Arapahue, Denver 2, Colo. (Jan. 
57) RPD 

Michigan State Univ. Eng. Dept., 
William P. Fishback, Engr., East 
Lansing, Mich. (Corp. M. Jan. 
MRPD 

Mirgain, Frank C., Dean of Engr., 
North Dakota State College, Fargo, 
N.D. (Jan. ’57) P 

Morgan, William L., Dist. Mgr., 
Fischer & Porter Co., 3025 N. Illi- 
nois St., Indianapolis 8, Ind (Jan. 


57) P 
Morris, Walter K., Engr., Water 
Works Div., Gannett, Fleming, 


Corddry & Carpenter, 600 N. 2nd 

St., Harrisburg, Pa. (Jan. ’57) PD 
Nelson, Joseph F., Chem. Engr., 

Hall Labs., Inc., 227 Plaza Theatre 

Bldg., Kansas City, Mo. (Jan. ’57) 

PD 
Nelson, Maurice H., Exec. Vice- 
Pres., Layne Pacific Inc., 15044 
Bothell Way, Seattle 55, Wash. 
(Jan. RP Ve 


JA, A New Guide 
vz) to water works 


~ facts and 
figures 


A 


AWWA. In heavy 
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Hydrofluosilicic acid 
system at Chicago 
South Distri 

filtration plan 


Every day, 1400 gallons of 23% 
hydrofluosilicic acid are added to 
340,000,000 gallons of water at Chi- 
cago’s South District filtration plant. 
The exacting job of feeding this 
highly corrosive acid in correct pro- 
portions is entrusted to Milton Roy 
Controlled Volume Pumps. 


The Controlled Volume Pump sys- 
tem consists of three direct-displace- 
ment pumps, powered by one elec- 
tric motor through variable speed 
transmission. One pump serves each 
of three acid mixing basins. Each 
pump has a maximum capacity of 
43 gallons per hour. 


Engineering Representatives in the United States, Canada, 
Mexico, Europe, Asia, South America Africa and Australia, 


JOURNAL AWWA 


Controlled Volume Pumps feed 
fluorides to Chicago’s water 


In any water treating job, Milton 
Roy Controlled Volume Pumps pro- 
vide the logical, economical answer 
to accurate flow control and chem- 
ical metering. Write for technical 
information. Milton Roy Company, 
Manufacturing Engineers, 1300 East 
Mermaid Lane, Philadelphia 18, Pa. 
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(Continued from page 108 P&R) 


Nelson, Oscar Fred, Civ. Engr.,; St. C. Grant, Peter A., Chief | Stumm, Werner, Asst. Prof. of 
Water Div., 1640 S. Kingshighway, Engr., Canadian British Eng. Con- San. Chemistry, 223 Pierce Hall, 
St. Louis 10, Mo. (Jan. 57) RPD sultants, 1662 Avenue Rd., To- oe Univ., Cambridge 38, Mass. 

R 


Nelson, Richard H., Civ. Engr.,| "to 12, Ont. (Jan. '57) 
H. B. Steeg & Assocs., Inc. Box Sasman, Robert T., Assoc. Engr., Teerink, John R., Supervising Hy- 


5052, Station A, Indianapolis, Ind. State Water Survey, Urban, II. draulic Engr., State Dept. of Wa- 
(Jan. ’57) RPD (Jan. °57) R ter Resources, Box 1079, Sacra- 

Nichols, L. C., Civ. Engr., Nichols | Seaman, John T., Div. Supt., mento, Calif. (Jan. ’57) R 
Eng. Co., Box 285, Union City, | Power & Fuel, Gary Steel Works, Thomas, John B., Sales Engr., 
Tenn. (Jan. ’57) PD U. S. Steel Corp., 1 N. Broadway, Rockwell Mfg. Co., 1249 Burling- 
Pittsburgh, Pa. (Jan. 57) MD ton Ave., North Kansas City 16, 


Sharpe, Philip E., Partner, The Mo. (Jan. °57) 
> ; ‘ Burhans-Sharpe Co., 1731—Ist Ave. Todd, Maurice Arthur, Gen. Fore- 
Perron, Charles, a ~~ _ S., Seattle 4, Wash. (Jan. ’57) PD man, Water Distr., 100 Main St., 


W. Ferris Cons, Engr., s F 


Te Turpen, Robert W., Accountant 
Piper, Bernard C., Chemist, 3rd US Army, Fort McPherson, Ga. Del Este Water Co., 720—10th St. 


Munic. Water Dept., Ashley, Ohio (Jan. alif an. 57) M 
(Jan. °57) P Shipbaugh, Russell F., Chief, ‘ 
Pitman, Raymond William, Wa-| Eng., US Penitentiary, Terre Haute, Dept Hillsbors ‘Kan. (Jan 
ter Specialist, General Co., | Ind. (Jan. 57) 57) 
Richland, Wash. (Jan. ’57) | Shoop, John W., Jr., Sales Engr., Walters, Rita M., City Clerk, Sth 


Preusse, William C., Research The Permutit Co., 330 W. 42nd 
Chemist, Blockson Chem. Co., Div. | > New York 36, N.Y. (Jan. ’57) 
of Olin-Mathieson Chem. Corp. am 


Coolbough Sts., Red Oak, Iowa 
(Jan. M 


‘ ; Sizemore, Claude, Supt., Wat Watkins, Morgan, Div. of Water, 
Joliet, Tl. (Jan. '57) P eenatione Div., 4 of San. Utilities Board, Box 58, Athens, 
Prince, Thomas B., Clerk II, Eng., 301 Bryant St., N.W., Wash- Tenn. (Jan. ’57) M 
Water Dept., 100 Main St., Jack- ington 1, D.C. (Jan. 57) MD Watson, Marvin V., Sales Engr., 
sonville, Fla. (Jan. °57) D | Slicer, J. Samuel, Jr., Engr., Fac- Pipe Div., Johns-Manville Sales 


Ragan, Harvey M., Salesman, tory Mutual Eng. Div., 1151 Corp., 800-101 Marietta St. Bldg., 
Joseph Dixon Crucible Co., Jersey | Boston-Providence Turnpike, Nor- Atlanta, Ga. (Jan. ’57) 
City, N.J. (Jan. ’57) wood, Mass. (Jan. 57) MD Wheeler, Oscar H., Supt., Water- 
Reda, Herman A., Asst. Dist. Mgr.,| Smith, Oral T., Jr. San. Engr., works, Box 84, Pikeville, Tenn. 
Calgon, Inc., 211 S. Main St., Div. of San. Eng.. State Dept. of (Jan. ’57) 


Lombard, Tl. (Jan. ’57) Public Health, 602 Cordell Hull wilson, Arthur J., Civ. Eng. Asst. 
Rhoades, Curtis E., Water Main > Nashville, Tenn. (Jan. ’57) Dept. of Water & Power, 14601 

& Service Foreman, Dept. of Wa-| | 7 . Aetna St., Van Nuys, Calif. (Jan. 

ter & Power, Los Angeles, Calif.| Smith, R. Fulton, Mgr., Water & 57) MRD 

(Jan. ’57) RD Sewer Com., Shelbyville, Ky. (Jan. Wirz, Herman, Jr., Water Service 


Richards, William Peter, San.| sich, W. Harry, San. Engr., Cast. & Main Field Supt., Dept. of Wa- 


Engr., Harold Hoskins & Assocs., . aa ter & Power, Box 2152, S. Annex 
Lincoin, Nebr. (Jan. 57) RPD Michigan” fom. 123 8. Water Distr. Div., Van Nuys, 
Richardson, Donald Wede, Engr. 57) Calif. (Jan. 57) MRPD 
Supervisor, Water & Sewer Div.,| sola L. B.. Ow L. B. Soldan| Wurl, Leon A., City Work Super- 
Box 1112, Martinsville, Va. (Jan. “Drilling = a? Seg — visor, 3948 W. 73rd Ave., West- 
57) MD Kan. (Jan. 57) R "| minster, Colo. (Jan. MRPD 
Robbins, John C., Sales Repr.,| Stanton, Thomas E., Engr. of Yakupzack, R. J., Supt., Light & 
U. S. Pipe & Foundry Co., 71 Distr., Water Dept., City Hall, Water Dept., Houma, La. (Jan. 
Broadway, New York 6, N.Y.| Cleveland, Ohio (Jan. ’57) D 57) MRP 
(Jan. ’57) Strait, William D., Designing Zatkovich, T. R., Distr. Mgr., 
Roberts, Robert W., Chief Clerk, Engr., D. L. Alway & Assocs., Inc., B-I-F Industries, 6206 N. Mil- 
Water Dept., 1002 Main St., Jack- 1998 Cambridge Rd., Berkeley, waukee, Chicago, Ill. (Jan. ’57) 
sonville, Fla. (Jan. °57) MD Mich. (Jan. ’57) PD PD 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. ; 
Prompt Shipment in Bulk or in Bags of 100 lb. Each —€}. 


Inquiries Solicited 


_ NORTHERN GRAVEL COMPANY 
P. O. Box 307 Muscatine, lowa 


| 
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SPLICED 


“ON-THE-JOB!” 


DURAJOINT 


Polyvinylchloride—PVC WATERSTOPS 


Have you compared ‘“DURAJOINT"” with 
your present water-stop materials? If so, 
you have already found out that only 
“DURAJOINT” offers ail of the following 


important features: 
BEST MATERIAL .. . “DURAJOINT"”’ 


is extruded from a specially compounded 
polyvinylchloride (thermo-plastic) mater- 
ial that will outlast the useful life of the 


structure it’s used in. 
BEST DESIGN . “DURAJOINT’S” 


special longitudinal ridges insure the dis- 
tribution of critical nd enhance 


TECON PRODUCTS 
INC. 


304 S. ALASKAN WAY 
SEATTLE 4, WASHINGTON 


“DURAJOINT” enjoys national distribution through 
the outlets of Tecon Products Inc. in the 11 western 
states and W. R. Meadows, Inc. in the other 37 states 
of the mid-western, southern and eastern portions of 
the United States. Write today for complete intormation 
and name of your locai distributor. 


of A PRODUCT OF ELECTROVERT 
Available in your area through... 


. merely apply heat and hold 
ends together until bonded. 


« 


the holding power. The hollow center 
bulb assists in providing for extreme elon- 
gation with full recovery. 

STRONGER “DURAJOINT'S” 
extreme elasticity and excellent tear resist- 
ance allow it to successfully handle move- 
ment of masses of concrete without being 
sheared. 

ECONOMICAL “DURAJOINT" 
may be installed at a substantial savings 
in material and labor costs over other 
waterstop materials . . . easily installed by | 


unskilled labor. i > 


W. R. MEADOWS, 
INC. 


34 KIMBALL STREET 
= ELGIN, ILLINOIS 


— 
as 
= 
TIONALLY | 
/ 
i 
| 
‘ i 
. 


H2PER 


Activated Carbon: 
Industrial Chemical Sales Div. 
Permutit Co. 


Activated Silica Generators: 
Omega Machine Co. (Div., B-I-F 
Industries) 

Wallace & Tiernan Inc. 


Aerators (Air Diffusers): 
American Well Works 
Carborundum Co. 

General Filter Co. 

Infilco Inc. 

Permutit Co. 

Walker Process Equipment, 


Alr Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Heavy 
Chemicals Dept. 

General Chemical Div. 


Ammonia, Anhydrous: 
General Chemical Div. 
John Wiley Jones Co. 
Ammoniators: 
Fischer & Porter Co. 
Proportioneers, Inc. 
Industries) 

Wallace & Tiernan Co., 
Ammonium Silicofluoride 
American Agricultural Chemical Co. 


Brass Goods: 
American Brass Co. 
M. Greenberg’s Sons 
Hays Mfg. Co. 


Inc. 


(Div., B-I-F 


Inc. 


Mueller Co. 


Brine-Making Equipment: 


International Salt Co. 
Calcium Hypochlorite: 
John Wiley Jones Co. 


Carbon Dioxide Generators: 


Infilco Inc. 

Walker Process Equipment, 
Cathodic Protection: 
Electro Rust-Proofing Corp. 
Harco Corp. 

Cement, Portland: 


Inc. 


Monolith Portland Midwest Co. 


Cement Mortar Lining: 
Centriline Corp. 


Chemical Feed Apparatus: 


Cochrane Corp. 
Fischer & Porter Co. 


Graver Water Conditioning Co. 


Infilco Inc. 
F. B. Leopold Co. 


Omega Machine Co. (Div., 
Industries) 

Permutit Co. 

Proportioneers, Inc. (Div., 


Industries) 
Ross Valve Mfg. Co. 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc 
Chemists and Engineers: 
(See Professional Services) 
Chlorination Equipment: 
Builders-Providence, Inc.  ( 

B-I-F Industries) 
Everson Mfg. Corp. 
Fischer & Porter Co. 
Proportioneers, Inc. 

Industries) 
Wallace & Tiernan Inc. 


(Div., 


B-I-F 


B-I-F 


Div., 


B-I-F 


ADVERTISERS’ PRODUCTS 


] “ol. 49, No. 


Chiorine C 
Klett 0. 
Wallace & Tie rnan Inc. 


Chlorine, Liquid: 
John Wiley Jones Co. 
Wallace & Tiernan Inc. 


Clamps and Sleeves, Pipe: 

James B. Clow & Sons 

Dresser Mfg. Div. 

M. Greenberg’s Sons 

Mueller Co. 
Rensselaer Valve Co. : 
Skinner, M. B., Co. — 
A. P. Smith Mig. Co. 
Smith-Blair, Inc. 

Trinity Valley Iron & Steel Co. 


Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mfg. Div. 
Skinner, M. B., Co. 4 


Clamps, Pipe Repair: 
James B. Clow & Sons 
Dresser Mfg. 
Skinner, M. B., 


Co. 

Trinity Valley ‘Tron & Steel Co 
Clarifiers: 

American Well Works 

Chain Belt Co. 
Cochrane Corp. = 
Dorr-Oliver Inc. 
Etablissements Degremont 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co. 


Walker Process Equipment, Inc. 


2,000,000 


on tubular tower. 


our inquiry, 


Talks. 


ELEVATED 
STEEL TANKS 


@ Elevated Steel Tanks for wa- 
ter supply, ranging from 5,000 to 
gallons—ranging from 
standard hemispherical self-sup- 
porting bottom to spherical tank 


Correctly built in accordance with 
AWWA specifications. 
stating capacity, 

eight to bottom and location. 
Established 1854. Write for Tank 


Send us 


| 
| 
| 
| | 
d 
| 
=. -. 
MANUFACTyp 
qo ING 


i” General Filter? 
~ 

There are many reasons why municipaiities 

and industries have installed General Filter 

INSTALLATION SUP ON ... General Filter “job- 
engineers” ecch installation to the consulting engineer's 4 
Specification . . . supervises the installation and trains the 
‘personne! who will work wip the equipment. 
OPERATIONAL DEPENDABILITY . . for twenty years 
© Generd) Filter hos c d all of its efforts toward 
“better “woter treat Their efforts have produced 
water treating plonisyond equipment that are completely 
dependable. 

ENGINEERING KNOW-HOW... Ge REATER ECONOMY... the only real test of economy is 

eral Filter’s design and construction engi- test. General Filter plants stand up over the = ee 
neers are familiar with the problems in- years providing “better water” with minimum maintenance, : a 
volved in water treatment. longer trouble-free, smoother operation. 
q. 
Find out wh should specify 
General Filter... Write today for General Filter Company 
detailed informationregarding your AMES, IOWA 
water treatment problems. = 

AERATORS + FILTERS « TASTE AND ODOR + ALKALINITY CONTROL HIGH CAPACITY 

RESINOUS ZEOUTE + IRON RUST REMOVAL + DEMINERALIZATION + SOFTENERS 
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Condensers: 

Alco Products, Inc. 

Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 

Contractors, Water Supply: 

Layne & Bowler, Inc. 

Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc 
B-I-F Industries) 

Fischer & Porter Co. 

Foxboro Co. 

General Filter Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Copper Sheets: 

American Brass Co 

Copper Sulfate: 

General Chemical Div. 

Phelps Dodge Refining Corp. 

Tennessee Corp. 

Corrosion Control: 

Alco Products, Inc. 

Calgon, Inc. 

Philadelphia Quartz Co. 

Couplings, Flexible: 

DeLaval Steam Turbine Co. 

Dresser Mfg. Div. 

Diaphragms, Pump: 

Dorr-Oliver Inc. 

Southern Pipe & Casing Co. 

Engines, Hydraulic: 

Ross Valve Mfg. Co. 

Engineers and Chemists: 

(See Professional Services) 

Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon, Inc. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 
industries) 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

a Equipment Corp. 

Carborundum Co. 

General Filter Co. 


Infilco Inc. 
Johns-Manville Corp. 
Northern Gravel Co. 


Permutit Co. 

Carl Schleicher & Schuell Co 

Stuart Corp. 

Filters, incl. Feedwater: 

Cochrane Corp. 

Dorr-Oliver Inc. 

Etablissements Degremont 

Graver Water Conditioning Co. 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. (Div., 
Industries) 

Roberts Filter Mfg. Co 

Ross Valve Mfg. Co. 

Filters, Membrane (MF): 

AG Chemical Co 

Millipore Filter Corp 

Carl Schleicher & Schuell Co 

Filtration Plant Equipment: 

Builders-Providence, Inc (Div., 
B-I-F Industries) 

Chain Belt Co. 

Cochrane Corp. 

Etablissements Degremont 

Filtration Equipment Corp. 

General Filter Co. 

Graver Water Conditioning Co. 


(Div., 


(Div., B-I-F 


B-I-F 


ADVERTISERS’ PRODUCTS 


Hungerford & Terry, Inc. 

Infilco Inc. 

F. B. Leopold Co. 

Omega Machine Co. 
Industries) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Simplex Valve & Meter Co. 

Stuart Corp. 

Wallace & Tiernan Inc. 

Fittings, Copper Pipe: 

Dresser Mfg. Div. 

M. Greenberg's Sons 

Hays Mfg. Co. 

Mueller Co. 

Fittings, Tees, Ells, ete.: 

Alco Products, Inc. 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

M & H Valve & Fittings Co 

Trinity Valley Iron & Steel Co 

United States Pipe & Foundry Co. 

R. D. Wood Co 

Flocculating Equipment: 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 

Infilco Inc. 

F. B. Leopold Co. 

Permutit Co. 

Stuart Corp. 

Fluoride Chemicals: 

American Agricultural Chemical Co. 


(Div., B-I-F 


Davison Chemical Co. 
Fluoride Feeders: 
Fischer & Porter Co. 
Omega Machine Co. 
Industries) 
Proportioneers, Inc. 
Industries 
Wallace & Tiernan Co., Inc. 
Furnaces: 
Jos. G. Pollard Co., Inc 
Gages, Liquid Level: 
Builders-Providence, Inc. 
B-I-F Industries) 
Infilco Inc. 
Minneapolis-Honeywell 
Regulator Co. 
Simplex Valve & Meter Co. 
Sparling Meter Co. 
Wallace & Tiernan Inc 
Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 
Builders-Providence, Inc 
B-I-F Industries) 
Foxboro Co. 
Infilco Inc. 
Minneapolis-Honeywell 
Regulator Co. 
Jos. G. Pollard Co., Inc. 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc 
Gasholders: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp 
Gates, Shear and Sluice: 
Drainage & Metal Products, 
nc. 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Mueller Co. 
R. D. Wood Co. 16 


(Div., 


(Div., 


(Div., 


< 
4 


‘ol 49, No. 


= 


Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mig. Co. 

Wallace & Tiernan Inc. 

Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mfg. Co. 

Mueller Co. 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

Rensselaer Valve Co. 

R. D. Wood Co. 

Hydrogen ton Equipment: 

Wallace & Tiernan Inc 

Hypochlorite; see Calcium 
Hypochlorite; Sodium Hy- 
pochlorite 

lon Exchange Materials: 

Allis-Chalmers Mfg. Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Iron, Pig: 

Woodward Iron Co 

Iron Kemoval Plants: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Jointing Materials: 

Hydraulic Development Corp. 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Leadite Co., Inc 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co., 

Leak Detectors: 

Jos. G. Pollard Co., Inc 

Lime Slakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Omega Machine Co. 
Industries) 

Permutit Co. 

Wallace & Tiernan Inc 

Magnetic Dipping Needles: 

W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger Meter Mfg. Co. 


Dresser Mfg. Div. 


(Div., B-I-1 


Ford Meter Box Co 
Hays Mfg. Co. 
Hersey Mfg. Co. 
Mueller Co. 
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First with Floating Power 


aways QUIET... atways QUICK 


CHAPMAN 
Tilting Disc Check Valve 


You hear a lot about floating power these 
days. But Chapman Tilting Disc Check 
Valve has had it for quite some time. In 
fact Chapman was the first to have it .. . 
the first to have it in a valve .. . a feature 
that means much more to you in perform- 
ance, much less to you in costs. 

With Chapman’s Tilting Disc Check 
Valve the “‘Airfoil’’ disc floats on the flow. 
When the flow is on, the disc balances per- 
fectly . . . and quietly. There’s never a 
flutter. No vibration. No trouble with head 
loss or flow resistance. And after the flow 
subsides the disc automatically drops to a 
closed position. The closing is fast. The 
closure is tight. No slamming. No banging. 
No damage to valve or system. No scraping 


or wearing of disc and seat. It all adds up Crom-soction of the Chopmen Tilting 
isc Check Valve illustrating the woy 
to top performance and lowest maintenance that the teolanced disc en 
and replacement costs even under severe the pivot, with arrows showing the 
operating conditions. travel of the disc. A feature of the 
. design is that the disc seat lifts away 
For handling fluids or gases under a wide 
range of Say ee always specify Chapman drops into contact when closing, with 
Tilting isc Check Valves. They re avail- no sliding or wearing of the seats 
able in iron or steel. Explained in full in our 
Catalog 30-A. Yours for the asking. Write. <a 


The CHAPMAN Vaive Manufacturing Co. 
INDIAN ORCHARD, MASSACHUSETTS 


a 
y 
/ 
« 
: 
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Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Worthington-Gamon Meter Co. 

Meter Reading and Record 
Books: 

Badger Meter Mfg. Co. 

Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 
B-I-F Industries) 

Foster Eng. Co. 

Infilco Inc. 

Minneapolis-Honeywell 
Regulator Co. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Meters, Industrial, 
celal: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Builders-Providence, 
B-I-F Industries) 

Fischer & Porter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Simplex Valve & Meter Co. 

Sparling Meter Co. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co. 

Mixing Equipment: 

Chain Belt Co. 

General Filter Co. 

Infilco Inc. 

F. B. Leopold Co. 

Paints: 

Barrett Div. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Pipe, Asbestos-Cement: 

Johns-Manville Corp. 

Keasbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings) : 

Alabama Pipe Co. 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 


(Div., 


Commer- 


Inc. (Div., 


Pipe, Cement Lined: 

American Cast Iron Pipe Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

United States Pipe & Foundry Co. 

R. D. Wood Co. 

Pipe, Concrete: 

American Concrete Pressure Pipe 
Assn. 

American Pipe & Construction Co. 

Lock Joint Pipe Co 

Pipe, Copper: 

American Brass Co. 

Pipe, Steel: 

Alco Products, Inc. 

Armco Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 


| 


ADVERTISERS’ PRODUCTS 


Pipe Cleaning Services: 

Ace Pipe Cleaning, Inc. 

National Water Main Cleaning Co. 

Pipe Cleaning Tools and 
Equipment: 

Flexible Inc. 

Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

Barrett Div. 

Cast Iron Pipe Research Assn. 

Centriline Corp. 

Inertol Co., = 

Koppers Co., Inc. 

Reilly Tar & Chemical Corp. 

Pipe Cutters: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Jos. G. Pollard Co., Inc. 

Reed Mfg. Co. 

A. P. Smith Mfg. Co. 


nee 


Spring Load Mfg. Corp. 
Pipe Jointing Materials; 

Jointing Materials 
Locators: 

S. Darley & Co. < 

G. Pollard Co., Inc. 
Pipe Vises: 
Reed Mfg. Co. 
Spring Load Mfg. Corp. | 
Plugs, Removable: 
James B. Clow & Sons 7 
Jos. G. Pollard Co., Inc. > 
4. P. Smith Mfg. Co. 
Potassium Permanganate: 
Carus Chemical Co 
Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Foster Eng. Co. 
Golden-Anderson Valve Specialty Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mfg. Co. 
Pumps, Chemical Feed: 


Infilco Inc. 

Proportioneers, Inc. F 
Industries) 

Wallace & Tiernan Inc a 

Pumps, Deep Well: “fi - 


American Well Works 
Layne & Bowler, Inc. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 

W. S. Rockwell Co. 
Wallace & Tiernan Inc. 


Pumps, Hydraulic Booster: 
Ross Valve Mfg. Co. 
Pumps, Sewage: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mfg. Co. 
Pumps, Sump: 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mfg. Co. 
Pumps, Turbine: 
DeLaval Steam Turbine Co. 
Layne & Bowler, Inc 
Recorders, Gas Density, 
SOc, ete.: 
Permutit Co. 
Wallace & Tiernan Inc. 
Recording Instruments: 
Builders-Providence, Inc. (Div., 
B-I-F Industries) | 


Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
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Fischer & Porter Co. ; 
Infilco Inc. 
Minneapolis-Honeywell 
Regulator Co. 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 
Reservoirs, Steel: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Sparling Meter Co. 
Sand Expansion Gages; 
Gages 
Sleeves: see Clamps 
Sleeves and Valves, 
James B. Clow & Sons 
M & H Valve & Fittings Co. 
Mueller Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
Sludge Blanket Equipment: 
General Filter Co. 
Graver Water Conditioning Co. 
Permutit Co. 
Sodium Aluminate: 
Monolith Portland Midwest Co. 
Sodium Chloride: 
Frontier Chemical Co. 
International Salt Co. 
Sodium Fluoride 
American Agricultural Chemical Co. 
Sodium Hexametaphosphate: 
Calgon, Inc 
Sodium Hypochlorite: 
John Wiley Jones Co. 
Wallace & Tiernan Inc. : 
Sodium Silicate: 
Philadelphia Quartz Co. 
Sodium Silicofluoride 
American Agricultural Chemical Co. 
Softeners: 
Cochrane Corp. 
Dorr-Oliver Inc. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infilco Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc 
Softening Chemicals and Com- 
pounds: 
Calgon, Inc. 
Cochrane Corp . a 
General Filter Co. 
Infilco Inc. 
Permutit Co. 
Tennessee Corp. 
Standpipes, Steel: 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Steel Plate Construction: 
Alco Products, Inc. d 
Bethlehem Steel Co. y 
Chicago Bridge & Iron Co. : 
R. D. Cole Mfg. Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Stops, Curb and Corporation: 
Hays Mfg. Co. 
Mueller Co 
Storage Tanks: see Tanks 
Strainers, Suction: 
James B. Clow & Sons 


see 


Tapping: 


AMERICAN 


CAST 


PIPE 


A wide variety of pipe 
sizes and joints for every 
service condition is man- 
ufactured by the Ameri- 
can Cast Iron Pipe 
Company. 30” Ameri- 
can Double-X Mechani- 
cal Joint Pipe is shown 


This 30” American Cast Iron Pipe was 
installed to serve the plant of a New 
Jersey manufacturer. An intake line, it 
supplies raw condenser and process cooling 
water from the Hudson River at the rate 
of 10,000 gpm. 

Installations such as this serve both 
public and privately owned utilities and 
manufacturers throughout the country. In 
these installations, conducting a wide vari- 
ety of liquids, slurries, and gases, American 
Cast Iron Pipe has established a record of 
trouble-free, economical service unmatched 
by pipe made of any other material. 

When your installation requires strong, 
corrosion-and-wear resistant, long lasting 
pipe, designed and manufactured to fit a _ 
specific service condition, call your Ameri- 
can Cast Iron Pipe Company representa- vs pean 
tive. He can help you. 


SALES OFFICES: New York City *« Chicago « Kansas City « Dallas 
Minneapolis *« Los Angeles * San Francisco * Orlando « Pittsburgh 
Cleveland « Denver 
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M. Greenberg's Suns 
Johnson, Edward E., 
R. D. Wood Co. 
Surface Wash Equipment: 
Cochrane Corp. 

Permutit Co. 

Swimming Pool Sterilization: 


Inc. 


Builders-Providence, Inc. (Div., 
B-I-F Industries) 

Fischer & Porter Co. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Proportioneers, Inc. (Div., B-I-F 
Industries) 


Wallace & Tiernan Inc. 

Tanks, Steel: 

Alco Products, Inc. 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

R. D. Cole Mfg. Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Tapping-Drilling Machines: 

Hays Mfg. Co. 

Mueller Co. 

A. P. Smith Mfg. Co 

Tapping Machines, 

Hays Mfg. Co. 

Mueller Co. 

Taste and Odor Removal: 

Builders-Providence, Inc. 
B-I-F Industries) 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co 

Industrial Chemical Sales Div 

Infileo Inc. 

Permutit Co. 

Proportioneers, 
Industries) 

Wallace & Tiernan Inc. 

Tenoning Tools: 

Spring Load Mfg. Corp. 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations) : 

Wallace & Tiernan Inc 

Turbines, Steam: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Turbines, Water: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 

Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

4. P. Smith Mfg. Co. 

Trinity Valley Iron & Steel Co. 

R. D Wood Co. 

Valve-Inserting Machines: 

Mueller Co. 

4. P. Smith Mfg. Co. 

Valves, Altitude: 

Golden-Anderson Valve Specialty Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., 

S. Morgan Smith Co. 


Corp.: 


(Div., 


Inc. (Div., B-I-F 


Inc. 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 
Builders-Providence, Inc. (Div., 


B-I-F 


ADVERTISERS’ PRODUCTS 


Chapman Valve Mig. Co. 
James B. Clow & Sons 
DeZurik Corp. 


M. Greenberg's Sons 
Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Mueller Co. 

Henry Pratt Co. 
Rensselaer Valve Co. 
W. S. Rockwell Co. 
S. Morgan Smith Co. 
R. D. Wood Co. 


Valves, Detector Check: 
Hersey Mfg. Co. 


Valves, Electrically Operated: | 

Builders-Providence, Inc (Div., | 
B-I-F Industries) 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

A. P. Smith Mfg. Co. 

S. Morgan Smith Co. 

Valves, Float: 

James B. Clow & Sons 

Golden-Anderson Valve Specialty Co. 

Henry Pratt Co. 

W. S. Rockwell Co. 

Ross Valve Mfg. Co., Inc 

Valves, Gate: 

Chapman — Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 


Rensselaer Valve Co. « 
W. S. Rockwell Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. yea 7 


Valves, Hydraulically Oper- 
ated: 
Builders-Providence, Inc (Div... 


B-1-F Industries) 
Chapman Valve Mfg. Co 
James B. Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 

DeZurik Corp 
Golden-Anderson Valve Specialty Co. 
Kennedy Valve Mfg. Co 
F. B. Leopold Co } 
M & H Valve & Fittings Co. | 
Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

4. P. Smith Mfg. Co 

S. Morgan Smith Co 

R. D. Wood Co. 

Valves, Large Diameter: 
Chapman Valve Mfg. Co 

James B. Clow & Sons 
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Crane Co. 
Darling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co. 
Kennedy Valve Mfg. Co. 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co. 
Muller Co. 
Henry Pratt Co. 
Rensselaer Valve Co. 
W. S. Rockwell Co. 
A. P. Smith Mfg. Co 
S. Morgan Smith Co. 

D. Wood Co 
Valves, Regulating: 
DeZurik Corp 
Foster Eng. Co. 
Golden-Anderson Valve Specialty Co. 
Minneapolis-Honeywell 

Regulator Co. 
Mueller Co. 


Henry Pratt Co 

W. S. Rockwell Co. 

Ross Valve Mfg. Co. > 

S. Morgan Smith Co. ae 
Valves, Swing Check: 


Chapman Valve Mfg. Co 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mig. Co 

Golden-Anderson Valve Specialty Co. 

M. Greenberg's Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

W. S. Rockwell Co. 

4. P. Smith Mfg. Co. 

R. D. Wood Co 

Venturi Tubes: 

Builders- Providence, 
B-I-F Industries) 

Infilco 

Simplex Valve & Meter Co. 

Waterproofing: 

Barrett Div. 

Inertol Co., Inc. 

Koppers Co., Inc 

Water Softening 
Softeners 

Water Supply Contractors: 

Layne & Bowler, In 

Water Testing Apparatus: 

Wallace & Tiernan In 

Water Treatment Plants: 

American Well Works 

Chain Belt Co 

Chicago Bridge & Iron Co. 

Cochrane Corp 

Dorr-Oliver Inc 

Etablissements Degremont 

Fischer & Porter Co 

General Filter Co. 

Graver Water Conditioning Co. | 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc 

Permutit Co. 

Pittsburgh-Des Moines Steel Co 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite: see 
Materials 


Inc. (Div., 


Plants; see 


lon Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1955 AWWA Directory. 
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in water, waste, and sewage treatment 


IS WHAT YOU MAKE IT 


A CONTROL SYSTEM 


There’s more to a control system than just 
the instruments. First, there has to be a plan 
that ties them together. Whether you need a 
simple metering facility, or a complex con- 
trol network for one-man operation, Fischer 
& Porter will work with you in formulating 
such a plan. Drawing upon broad experience 
in every area of water, waste, and sewage 
treatment, Fischer & Porter can provide all 
the equipment necessary to measure, record 
and control . . . including graphic centralized 
control panels and automatic data logging 


FISCHER PORTER CO. 


Complete Process Instrumentation 


systems, chlorinators and chemical feed 
equipment. 

For a small system or a large one, there’s 
much to be gained from this approach. 
Fischer & Porter alone offers you the bene- 
fits of unified responsibility at every step— 
through analysis, design, manufacture, in- 
stallation, start-up. and operator training. 
If you'd like to hear more about this service, 
contact the Fischer & Porter field engineer 
..or write Fischer & Porter Co., 
947 Fischer Road, Hatboro, Pennsylvania. 


serving you. 
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REVOLUTIONARY 
NEW PRODUCT 
BY ROCKWELL 


You are cordially invited to attend the first 
1 of a 


yublic showing and demonstratio! 


able new produc 
aterial 


t development designed 


mark 
by Rockwell to m € oper- 


ating efficiencies 


ly increase th 


and earnings of all water 


works properties. 
ont 

’ 

A.W.W.A. Convention, 


THE OCCASION: 
17,1957 


May 12 
hs 418 to 523, 


‘THE PLACE: Boot 
Convention Hall 


i 
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WELL 
PARTITION PLATE 
VALVE HOUSE 


GACH WASH WEIR / 
FIER SLUDGE TAKEOF 
FILTER GRaveL 


/ FEED LIME 
FLIER UMDERORAIN BACKWASH DRAIN LINES ——— 
WASH WATER COLLET FALTER EFFLUENT LINES) ——— 
DISTRIBUTING CFFLUENT RATE CONTROLLERS 
WTDRO TREATOR RARE BLADES BACKWASH 


FRTER EFFLUENT _- 
WASTE 


itt) 


Unitized treatment plants can mean big dollar 
savings for fast-growing communities and in- 
dustries. That's why the PeriFilter System is a 
natural for both new plant construction and ex- 
isting plant expansion. A unique design permits 
installation of pre-treatment unit and filter in 


the same tank. Additional units are added as de- 


7 mand increases. With a single PeriFilter System, 
filter is split in half so that finished water iscon- duced head losses and simple operation 
tinuously produced, even during backwashing. to lower operating costs. 
‘a And the PeriFilter System cuts construction For more information on the Dorrco Peri- _ 
ae costs too . . . up to 40% compared to conven- Filter System, write for a copy of Bulletin ) 


tional pre-treatment and separate filter plants. | No. 9042. Dorr-Oliver Incorporated, Stamford, 
Valves and piping are greatly simplified ...re- | Connecticut. 


PeriFilter and Hydro-Treator T. M. Reg. U.S. Pat. Off. 


EQUIPMENT 


UNITIZED” WATER TREATMENT 
withthe DORRCO PERIFILTER SYSTEM ae 
‘ 
| 
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Jointed for .. . 
Permanence 


with LEADITE 


7 Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 7 
durable joint,—-but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75, 


THE LEADITE COMPANY 
Girard Trust Co. Bldg Philadelphia, Pa. 
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